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polos' 



fe^raWed the polymer-^ 
r *■ - fPCRl such that specific i>i^a 

E^irfo a PGR. amce the fl»««f ^''J"/ 
^Br l^?rca.« in *e presence of douWe- 

sinmaed indicates a posifavfe 

ri^-Jo? tSc^be ca»il? mom- 
aipbfication, v^Mcb can ^ 

ftyover-COQtamvnawon. The ™° fosiMdie yreient 
lut labor is Uic tarpat o>»"^"'t!^S^t iSm irn«ire 

,e form of • do^"* P^«^l oi« urjct 
If U done ui order to *»«»^'\^, ^plited. These 
WA sequence ^as ptosm »n<» P 
teaude UNA hybndu3uoa»'^ e^UUwo^ 

lint u alto closely rcUtea lo °° ."^ , dovnstream 
fthc hincUicg or, ''^S ^^R produ« m ^^^^^ 
Ifnuecce, iwrKuts Oic chances that 
^1^,cid Arougb the typing lab. rc»ulcn? m . n.t o 



nated if apcdfic '^P^^.W ifehS" a unopened r«- 
aenon vessel. A3«tt)rs»n*^« ^4^,100 component 

teen termed !^^^!:^^,edaidw.«lihoa«H 
neousP<..K assay to« teen diOTOntwa 

5.1*; developed a ?CR yt^-lr . . ^ BuoresotOl rtiK 

DNA. Hov«.w, tli» '"^f,??"'^ ^;2Sr to visualta the 
Xcmovedi»ado«MBr«^ P''^fS^!!rijD«l im way « 

T^iJ^ ILlo^piemaiary 5e<iuen<«. 
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M US * 




pCRpnidutt. Ttc «X?r* elf F^l^o^iu eiUJcr»DNA « 
iDlJA.TWtei5a|jW!efluomcei^^ 



irvcr(«iifi in toul flaoresccncc 
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- *.iEfi, , before ind after, or s^"* 
o 1/16 1/8 1« ^ ^ * °- cUog. 




expected 
pruduct 

, •prfTM'* 




0 „ » *s =; 




BJSSVtTS ^ ift order w aise.s cht 

,gcaOfI*ru.PC^^.p^.«» ^, dye pre.ci.1 ac 
eoaceinadoni from P-^tJ^if-" f Ldelc «Sa. foUoving 

iiBr M a result . ^g/„a EiB* a^"! P"«i«« 

60 DO flMl«- for each DNA. Alter 0. 

Five regUttte JCJli. 'T^J^^a^ a PGR for e»tK , 

DKA wa. removed f«»f "^^„oromeier and i^o^i 

rciccae« «~««^ ^^f.^S^FiK. 3A)- TUc shape cf ciuj 
y». amplification «7c'cnumtx:t<^'f;j'^ ^ -^.^^ i„ 

reflect. r: i^e«c i:> DNA « 

fl«ot«c«c- i^r^o«n«3 with cycte number. 

A3 shown, ^""^ScSi^r ibe rCii con-ain. 
over the fa'^'Sf~'i5AX'?^^%ifi«wd> Inacav. 
,ng human B>aleDNA^ucai ^^^^^^ ^,(^er no 

rcscance. Od a«''"r;TV^ fragment, of th* «• 

TW« « - wi,h no 



1 



Dfte 




conoin 



„«JS*e» tive tepteue TC'*'^ JSg^^ of «h« tefT^ 
rCfc f« c»A DNA ^M «movri 5^^^,5a« (B) 

£rt»(A), 



tegto »ith primer. a.at aie f^^^^^o^^ot 
dsPNA cootninwH? 'f'J^^j^t can vary, dependanE 
oa fMr appUcooo^ from Wl^CjCW ^ve reagents 

fece £«t todf. «>a ^^^^fj^ed «xsrt 

DNA primers ao<i " <nc , ^ v.™- (if the 

«omplet«L the ?'f^'^^ua ii>clf) of 

leveral mlcropi^ns- l increase lo fluw«- 

c<nee. There iJ also ofEtBr lo «I>NA 

,d)NA primxr. '^^t^'^*!;^^! af this change oa 
i, much l«» ^ » "^i At',^pir« .mail, -etc auww 

V^rcKrSh'lhe^^f^^^'^^^ 



-own «5;''^*':i,::^;:i;hnoDNi*!^ 

teS-n with a ng "f^J^^^Lto S «he •^'»»« ^'I't" 
" Ix, order to <1«^5'»''^!' J^^,^K.?<^«»^ 

of die r<acnon Xg^rs .pedfic for ev 

ther the >»ild-cype " »«»«l?!',ij„,vall«lei5unparte* 



f rimer b '^l«'=^r;7^^iiwn Sfigur^i conUsiJ "f 
^ Each pair o;a»F^^?™"^S2rt^j« ilULe 

cube) or flddcJJeU fromrhoipoiygov.*-: 
dttferent DNA^ .'^ir* W*!;, r^O-- 4 h«teroiVgo*; 
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„c« only ""^^VcMored on a .peecrofl«oroBV«^ 
P'^s'S'io c J prii^r 'et Gel el'S:«ophore.U (»-t 

^X'^r^-U.^tc^ed to 
U<i«r«1? ia pcMiUe M direct otDiacion f^^^^^j^ 

■^^'^^^r.l^^nA'^^^ ™ny of FOR 
i^^Kf °.uo?^l^^ "-e a, a f»«cion of toe dearly 

toJA. '»>"e k Utdc if any W«aela«8 »f Et»r Murine 

ikeeonfinuousmumiuanooof theeanHJl*. 

■ In ch= PCK containta? male DNA, the 

Su. to i^r^r: with dmc. in.lie.Uofr <U«NA ^ 
Sr«mim» « the d«ualratloil K^pcruturc do 
Murt ihere i> <JbI)NA for ttBr to Mnd. Thus the coitfee 

-1 prS of tkoB. two «npiai«t.on* by 6*1 ••l*"^^^: 
TcsiLho-cd . DMA 6t.Rni.nt ot the "PeSi^/?,^ 
,ta2le DNA cnivoiinins; sunple and no daecohlc DMA 
jyntbesiJ for the coaaol jaiapl*- 

"niSCUMION . . . „ , c,^ 

^ Downstream proc«.c. 5ueK ^ Kybrudtoofln » a^c^ 
quence-speoSc probe can cnli.ncc '1^*'°'^?!^ 

Itmih. that the spedfidty of thu h^™"*''""'"' 
EOT !d«pends solely oa tint of PCIL It. *«. *".«ftJ^A 
idfose. we have shoom that PCR aloii« hw '"^^f '^"^^ 

^sptdM prodmioa of dsDNA m the absence of the 
;?ppropri»te target allele. . _ , 

Th» ip«aidw required to d«ea pathoReiw can he 
irftre orlcsi ihia thst required to do gcneac "ereen^l^ 
'i i depending on the aumHer of pathogeos in tl.c ^1^'* 
amoult of other UNA that must be taien^th tbo 
-imple. A diifieuU is HI V. which rcqu.rt:»,deteca<>^ 
a vij»l genorne that on t»e at the level of a fc* eopi« 
per tl:o,;^d. of ho« cells^ Compared with gcaeo* 
r^enmc, -whieh Ls performed on cells ooncaining xiesin 

more jpidficLcy aijd the input r.f more total 
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IS 



• aria to I'*** 
DNA-up to nucrogrwn large amoompf 

sequcivcc into il!- 

A d«** extenaon o£ tha "PPt? Mdudon and flu- 
rr..*iiit emissions w and "^iS^ si»y.alloto. quan- 

^^^^^'^y P^y^^l^^^X *kno«irnu»bo. of 

carpri molecules, i ^^^f P°^^^':^b«r ot cycles of POL 
aiSr»c«.« by » P'Ll'^deS bcfor.^" after 

CTdc would indi^i* P^'^^'SLwoofUNApuJrnvet- 
KSUlc due to, for ^X'^'^i^ i^H PCJL 

ftuoresccvc ^«f|^'^^=tL.s,^''to detect a ove 

lies— flim^T n^^*^® 



^ble 10 dew *?'=^* « tasS!Lencs bawd upoii thj. 



s4j.imM«K»JJ^If_!;i. »CH, rou (100 



Tlva number of eycio 



mo»»«P='if,„^=fL„Soii ..■mperawct: -f SO^j " VaW* 
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Nature a W'.2SS-£M. . wi- 1L W lOS*. AflttUAcatioo 0** 

HuC.A0e3Rcj. Wra j-W. Rapid ansiy«indpi«i6«q?a »f 

p-i*oa r^ii.j. ChroiyiDsr. y ^id> 



-p™ ^ f PtjinTD C cTv. SuintkT- J- J. 



DQa "na-^ o^aoruideuiWr u»ut«5. >l..-r« 



Wu. V UePlMU, ''j " If ft>tehm »cnomiC PJ^A fer Wl^S" 
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MMUNO BIOLOGICAL LABORATORIES 



sCD-14 EUSA 

Trauma, Shock and Sepsis 




ilhs CC-u molcojie is expressod on the aurfooe Of - 
, : monocytes and seme macrophagea. M^mbrarp; 
f 'bour\6 CO-14 is a receptor for ilpopotysacnharide 
"(LPSI compiexed tn LPS-Blnding-Pnstcin (LBP);.3e 
conrRHtrfttion cf its soluble form is altered ..und^? 
. coita!n pathological conditionfi. There is evidencs^for 
' t an imporrant ttsie of sCD*i^ with poiytnaunna. 6i3Dele, 

burniriQs and infleimmations. 
^' Ounng septic oondntons and icute Infectioa-'! itsearrjs 
::!n oe a prognostic marker *s therefore of vaki© |r> 
'■■.monitoring these patients. ^ t • 

For more Infa nnation call or fax 

l^EiTELLSCHAFT FOR 



MMMMrHFMlE UNO -BlOLOGIE MB 

Write in Ho, aog oa wsajif stt\K8.cafa 



mL Offers an 6J9A for QuantItafn/3 detsmnarjon at 
soluble CD-14 in human serum, -puisrna. cmll-calture 
isu^inetants and other biologinal fluids, 
^ Assay Toatures: 1^x6 dcterminafionfi 
: \ (rniorotlfcorsrtripc), 

^ procoaiad wttM a spftctfic 

monoclonal entitDody. 
2»^1 hour incubation, 
standard range: 3 " 96 ng/ml 
5 , ^ dctedlon limit 1 ng/ml 
• " ' " CV:lntfa^ and inisransay < 6% 
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Oligonucleotides wl«» Fluorescent^^^^ 
opposite Ends l*rovide a ^"enched Probe 
S?stcrn Useful for Oetectlns PCR Product 
system us Hybridization 



K^nn^th J, Uvak Susan 



J.A- Flood, Jeffrey M.rmaro, WlHlann C'.usti, ond Kar.n Deetz 



• IHlS 

l4*pJ. 

frtut 
(In 

ICln 

9V. 
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Jar- 
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CO 



Accumulation of iptdfl« PCR prod*-**- 
by hybrMliatlon «nd d«ir»9c of « 
douhie.iAbfiiiNi Auor»9«nt(^ probe 
duHtta BH^iificdtion rciaioO' 
The pr^b^ U <ui oUg^^**"*''****^** "^^^^ 
both a wiportor flow*i*«rtl <*y • * 
quencher dye attoched- An Increi** 
In reporar fluorescence lntcn»hy 
dlc«tM tint th« probe ny**''**'**** 

been cleaved l>y tli« 5* -^-5' n-^*- 

olytJc flctlvl^y «f Taq ftWA pwi/mvrw*^* 
tn this <ttidy. probci with the 
i(U«n«h«p dy« iiii«ch«d t» nn Internal 
n\id€0t1d« w*rc ©6mpar«d «*tli 
urulrt* with the <^M«n«h«r 4y* 
lAchcd to the i*-«nd nucleotide. In fclt 
I cftxcl tfia raport«r dye was «tt«<hcd 
to thA S' «nrf. All Intflct probec 
(Kov#«a quencKIn^ «f thfi rcpflrt*r 
fluortisicnce. In g»nerfilj probtis with 

the quencher dyo attachcti to th« 3'- 
Qfld nucleotide Ayhlbtceil a forgar dg- 
rtfti In th» nucleate pen asiay itian 
the InltirnaHy IfibtM pf*b»». it 
tyro^O>^ ibal IK« Urs«r *<Bn«l *« 
cauicd by lncr€«*d HUcUho<«l 
(i&iivfta« '^^'^ '^"'^ polymeraic 
wKQn the pc6h* U hybrid)i«l to 0 
tcmploU »tr«n«l duHng PCR, 
wlUi the <4«tnUier dye an-chcd l« 
3'.«nci nuclMrt^fa fl'so «tblbh«d 
«n U<r^ii«« l« -^porUr fluoMUicanC* 
tnU^iUy wW.a bybriai^d to a com- 
, plemonUrr -Irond. Tl*«*. <>lla»«^w**- 
otide* with reporter and <|uoiich«r 
X dy4i itlAcbed *t opposite end* «-« 
■ be m«d 11 h«m»o9»nco«» hybrWUi"- 



«riil IrblK was dwi^iUvO Uy Uu ctul/^' 
mc M«y wpUiJtr Ihc S' - ' 3* rtiud*. 
omtcv: activity , «f : V«5 1>NA voi^ 
a»Hl Is tlUf^ramvU in Wgorc U 
'flic Duorojenlu (mjtn: vcmsilitt* of ^in all- 
j^ftrtuilooil*!* v«U!» u T«|»ortw fluoreictni 
Oyr. suv^t « a fluwrutvUif attached to 
: Vit^;>iyti « ^juciithcr dye, svdi os ft 
rtioianiinc. allacriod Internally. When 
Uu' WuorttscoSft is excited by iTradJAllon, 
Iw ftviMTciccnt ctniislou v/iil he 
quenched ii Uic ilujOanaiic b don^t 
OTIou^t jo be cxcHcd through th* 
cc*5- oi diitireicciuT i-ncn^Tr tranMe/ 
(i;ii.T)r -^J Vhitiu^ If ihe proTx IS Uy- 
hricll«ca;i<» a UmpUU u.«ul. T«*f DNA 
polymcrJwc .v-iU cleave iht: probe be- 
caWipf us Uiheren* ,V -»3' nudcolytlc 
aciiVily^ 3f the d^avj^je occurt between 
|i\0- fluMCScein aiid fhOdan^inc dyo*. Jt 

cunoi lnipn;*Hy because »Kc fluor«Rt:»ln 
^ii iiu lonu*^ cjuanchcd. The bicieasc in 
fluutcaelin fiuariacence imeiUUy InOi* 

caicj. thai llu'pfObc.spcclllC I'CRptOduOl 

lejHiilci and e Huvucbtr dy«; Is iiriil- 

UjC S' iiua«*>c l*CR a«*iy. 

on xUk p!%y«^l twot^M-i^y «/ Ibo Iw* 
dyo/'*' ficcaujc ol Ih'ia, il l««i ^^"'^ «»* 
Mimed li«l the quencher dye mu^t J^e 
atliClifcd n*ai lliC 5* wid. SuJiJri:*Ui);»y/ 
Trtc have found Ihftl aUAthUfl • rht*- 
ilatnliii dye tlic 3' vuJ • l^*^'}'^ 



lOUMWiy- I'urihcrrrtOTCi clcavaRc of Uib 
irpc of prt>b« ool reqnl/<iO acftievo. 
some itMuctlon In qUtnclUftg, p]iHonu- 
deoudw with n TcpQt\« 4yc on S' 
find jind a quiJichcT dye on \\\< 3' «nd 
ttxJiibii * mucn liijucr reporter fluorcv 
cvmv wb*«fi do«tile-iiranil£d a.s com- 
purccl wUh <in>jl<*.sii-oadco. rjii* *^QuW 
tnakje n pmsiWc lo use tnw type of dou- 
bla.Ubiilcd. r>toDc tor nomoKcncous etc- 
lection of nucleic acid 'nyhnuuanoil 

• IM^XCRIALS AMD METHODS 

Oll9<»nucfeot1de« 

Tible i jhftws *bi.- nudeoddo Joqu«iic# 
0/ trie ollKonuclcoildea ^^t^^ 'n kUb 
jiiidy. uiiJceT arm nucieotioc (lANl 
phoijibot»rnidrte was obm\n«d C/om 
GJc«i Rtwwch. 'Ilic iVixithtd UNA plK^v 
phoriTiiUlitcj. 6<arbo3(ynuorc3CtLn {f^ 
PAM) pho5pftor?m)dUc. A-cnrboxytev 
Mme^hyUhQdaniinc succmmuiyj csicr 
(TAMRA VMS tstct), and imospllTlUnK 
foT auochintf n 5»'-blocWn8 ptioipnatc, 
wrrc oMftiocd iiurn PcirklwBlmWi ^i^- 
yllwi Biosysic/p^ UMM«n, (UifiODuele- 
6iide syflthesw >»as pecfcwmtd uainj: an 
ABl liioaoi 394 riNA tymnc^iaw WP*'cd 
liUwY*w"u). T^lTuei si\a compittoiwii 
uUivfiutflerctdes wore puriticfl usms 
OllftU Pujin»;»tSo" 04*rUldxi;> (AppU','d 
Bli»yl(Cin5). n^mblir-laln-ica fin'Lnrs r/tTC 
,,y,ulK^5b-ea wUU (V-PAM-labeied pho.v 
Jl««-.ua:u: »l tU- 5' IAN Ti.-pIiiclJni 
oMi- *>f Ibi-Ti In the <ocpenc«, and rhos. 
phnlink 1*1 ihe 3' cn<t. P^UowUig 
piniritUMi aii«i c»»».vtuJ pn.vlpUBtlwn, 
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PolymcrlzAliW 



Pliivor 



Prd)ft_ 



Strand dioplaoomont 



Pnmar 



£1 



Cleavage 



PolymeriraUon eemplclcd 



-r 



fiCUflt 1 ni««/am af 5' 3^uclc4i« a«(ry. Stepwise iwt«n«rtbn Cf ffle S— 3' aiiriwiyjk «- 



rognt (cmp>cr4ti4i*c, Uurcocicd dye wos 

dcx cclumn. rinally, Ihc <JoMblc-l«Vckd 
pTubc woa purified l»y prrpdTMJvf: WkK- 
perfonnante iiqu*U chromttU)(cnphy 
(IJt'l/lJ u!itr\g ait A<iu»(iOTr l. „ ^'^il^A.^/- 
mm wiumn particl* aieo* The 

column Wii dtn'tJopcd vfii)i a M-rtiln 
11 uf^r flratUcTir of 6-20% ucciDrUr"L* m 
0,1 u TilAA (trivlhyUinliu* octf^ai*). 
yrab«^ at« nafn«d tiy dccignail ng th4 s*- 
qucacc Xcoiw Toblc 1 Mi^ the poslHoii oT 
rhf WN-TAMHA TOolcTT, J*cr cnamplc. 
I^roljc Al-7 has sequence At vfjth IA^3- 
TAMTiA a( oucleoiidc position 7 from the 



PCft SysLcmj 

All I'CH wviplKicAUon^ ><v<»jT pcrromicd 
u\ the rcikui-Elmiif Cent Amp l''^^ ^y** 
icui ytUO uainj iU-jU rciCUone ihul ccn- 
Mini.-d 10 mw TVI,vHO (pU so WiM 

Kcii 2ua ciA'n\ 200 ttw dcn*, iW) i^m 

dGTP, dOO p« ^iUTP, 0,5 unit oi AirniUr- 
dsc uracil ^/-lirtvcoivlaae fI>ctlcln-E3mer), 



^vicncc o; NakaiUno-lljlxna c< aUi"^ wa* 
nm^UUeU usUiii piiijitfo >M'V AiU* 
(Tablt 1^, wljlch «*e m&dltUd *llaHUy 
ffwii Ihow «f du 0rcyU ^\ nl/'" Actin m» 
pUflcBilon rcactlbna comalnwt 4 flnj»i 
M^t'j-,, 21? ng 01 human gcDomk iJNA 
SO nu Al or probe, and JUO «vi flwU 



priwv'. 'I'h* Itkarmal j^^lmwn vrat SOT; 
11 Tn\n\, 9S"C (10 m'")* ^0 
C20 aeO, OOrc (l mln). «ntl Wo]d ?a*0. 
A .^liS-bp «raniHiit auipKftal tfOtli H 
pja>mld \M con»UU of a acfimcrf^l ol \ 
UNA (nuclcoildrB 32,??0-a?,7-)7) in-, 
scrtcti ir. the Swol «IW «< v^^w' pUC119. 

MyjCllj, I of jiluctnid DNA. 50 fi** P2 or 
PS iTTobi:, 20O ivtd pdtnof VI 10/ ^^nd 200 
lilt K^lovn R15J». vhcrmM ie«]mcji 
waft SO-C CZ mia). W- c (10 jninL i^'* ^y- 
del i^S^C <2y >cc), src U win), niW 
hold a\ 7Z'C. 



nuitrMcencr DfltBCtlfin 

Vor e(i«h ankpnilcaikwi roucUou, u 4Q-p.l 

lndivltlua» weW (if awhH<v5><i-w«M nikr». 

tlur phtd CPtrktti-Jtlmcr). riuorcuciice 
v;aa moMUrod on the PerUin-tJmc* IlKl- 
Maj: LJJ'SttU So^um; which c^*n»ii.u o( a 
laiTiinc$ccnca sp4icln3m««t«"J" >*Uh 
reader aaJetnbly, a 4Bfl'nTn c^cHaUon fll 
tar, ittii a Mii-nm emliAiflrt nii.tr. Pxciia- 
felOTi was. ai nm lU'tng n 5.n#n sUt 
widvh, toUslon was mcMUrtci at 518 
nm for li-VAVI (tbr. fopor ur or U v#!uc) 
jknd Mia nm for TAMIU (tHc CiUcnchcr of 
Q vkK«fc) v*!ng a lO-nm «lU vfjUtVi. TCi 

dK;l5"iniUit the hn-ictiw: ui ivj'wiUi wiuU- 
ilju thai b caused by cKovnijiv ol ilu 
ptt>b4 durli^a ^^""^ ntimtiat^/AtlonB 
aic appU«d lo Uic taw «niliAi<riii da.la. 
Hrai, dttiwlon ImcrwUy of a Uuff*i liijink 
Is subicacicd Wji cncli 'w^ivclctigl^i. 3cc- 



TABU 1 Sci^ucnccs of OllgoaurlcoUa« 



P£ 

AVP- 
AT 



prixiiLT 
pro<)i' 

coi&plcmcnl 
prubc 

prJnior 

pnilJU 

waipl«iii«ttt 



AcxcACAecsAAcrraA'rcAccAcfc 
ciACrccrrcccAAdOATGAfTAATnonA'iO 

OUtlATrrCCiWJAIVfAlXlACAACCATp . 

TnTjarrxnTCTCA:rACArAC<>vCCAAA) cicc 
TCACCCAO\eTC3T0CCCATCTAC0A 

AIWCCCIC<XOCAXCOCA?CC£T>CO JV 

Ac;At:«;c:Acu;An;(:c:A'<*;A;c:u;A<:<;ti^>TAC 

corrmnrAcrr^^^OCAAOACAxi. 

rrj^Tr^fcrrocrcnAAOTOCAnooncuo 



rpom : Brt- 
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C16 rift« 



nwiocsccB<x:g''i-gJ'Q c ocNi^c*itjciytv 



&.10 «i aon 

3.13:) GtIS 

S «8Cilon "mn with uS^Ut^ t,mp.y ih^ HQ «H0 was C^culaial for c«b indW,<lv,l 
^actioaW *.c«KU4l to ijivc .-parted RQ' flrtd UQ' y.-Uuia. - 



aafld.2.1 5^,711.0 e».ff<L<^ aaA*3,« ox?*fl.«i o.MJO.ot 

1fl7.0*A^ -«J.5*1fl.i IOft.>iS.3 9XUii$MAmM&4MlOM 

iorc>iy« ^■•.Ti i.T TTj.a*'?^ 7».0ft0J a.cjjoiOG toOJ-O.iC 

aa4.crfaa 4aau<i«a.« loooi^is 06X1Q.8 C56io.o3 ifi2±o.n 



qucnc^e^ to give sy\ nitU* Cot 
ip-Action lubo. Tills noixnalizes lorvrcll- 
to-wdi vflruTions in probe mnoertcra- 
iinn and nuwrcjcenct mcasuTcmcnr. IM- 
^ nany, ARU i*^ caiaiiaaea t?y subwactlTHi; 
tnc kO >Qlue 0/ the no-iempUtc woirol 

■ picic jcocncn indudlii]^ lempl^^P 

uucej oerwccn tne nuore.icctii rt-^tjuci 
and rho^mlfto quanchsi we:« tcatcO tu 

jpacmg cTiaf vKouW jivc an nccconibi^i 
pcrCorniRncc m the 5' nucvcasr I'Cl^ ay 
$fiV. rnw prob« hybridize CO a lar^sci 



*e<jiiencc. V» Vlic hunaan p-aam grnt. 
inciii III wltocb liicx- pfoWs ««t^ 

dewe rCR ««^fly la in<>itiu>rca lij- 
mrif rtluirtc of AKO> which h q meflsurc 
<)f rh« mcrM«i« *ii ccporia" Huomiwiw 
t*uftcd by PGR apapJlflcation «»^ ^>ie 
pxobc tur^<:T; Frut* Ji«» * AUti v*|waf 

ihax is cic»o TO Kcro; Indicating iKa! ihe 
jarobc wa> not cleavst) jo^c^ably itui- 
*Tig iHc wtipWlv»iKiu iwi««i. Thti iug- 
iic*l4 \h6i WiUi lb* <iu<«4v«- <3y« P« tlw 
sev'und nudCOlUlC ^mm the cntl, ^Ucic 
liosufftckMn luuiit Tuv polymcfasc 
10 vUoy t rinUiinHy between Ihe rcparrcr 
aaO *>*^*' prohM «- 



clearly cflffcrenl from rcra. Tbuf., ull ^Ivo 
pxol)c5 trr hcToK ciwivrd Uuati; K:k am- 
plJftciUluii iciultilij; in a»"lllrt' Wicred.>ic 
lit icpuiHtt** tluuiwccjicc. ]V f<ln»ulU l«? 

noted ihoV complcic di^r^non of a proha 
pjxiauccs a much larger mercaK in ro- 
j?oriur auo£«ccnc« luau Uiai obtcrvca 
Uk li^fc 2 (dftU noi ehowu). Thui, evert 
In rvacUvm where KHiplifiialluii occorir, 
Ttip. maionty probe HKiK-wlce rvinuhi 
uncleavcA. K Is matn\y for uiu reason 
ihflt tUc nxiOjMCcncc IntenUty of the 
quencher dye TAMWA dionfif i lUUe vHh 
amplKicailun nf ihc largpj, This la whil 
^UoMTs 0* to u»e itie W)Z-nm nut»icKcn<x 

mninJy »»n ilic gucnchinj; t^fliilcncv in- 
nerHni in trjt specinc .irmcmrc tii the 
pwbtt *ind th« purity o» th« oll^tuiude 

C3ie lUai pfot«8 Al-H Al"22j and 
A\'Z6 prolsabiy nave rcductd qucnchUig 
as comparao «im Al.;r, ami. me ocrtw: 
of <|uctt«hln$ U suHiclcrtt tv dciecl a 
hfgLhIy Mffnlftcant in*<ro«w In r<ipoftur 
flu<iTO*:ciicc ffKcn cadi uf lh«M pruhc* 
{ft Cleaved during TCIU 

Tn farther Investigate the Ability of 
I'AMUA on *Ko V «na to quuncJi f.-VAM 
on ihC 3' end, U^rev pddilknal pnln of 
probes yictc Icjvcd In vhc 5' nuclease 
PCR asifty. roi twh pAix, one probe UA^ 
TAMPA «tloohc4 (P «n Jntoruel nudu* 
iPilUc ai»d Lhe ol\iei hw. TAWIU iiUdicd 
to the y tnd :i\ideotlii«< The tcsulU eK 
iJiowja iis Table 2, Yot *hrcr. scl:t, ihc 
pfob« with tbo U' quencher exhibits u 
ARQ vnlvie lU«( !• wrwiUcTttUly Jiiftl»<=< 
lhaii tvC UK probe with vhc InHcrn*) 
qu«achcT. The HQ" VflJuO sugSW* that 
dHr^CT:uc«9 Ux qu4t»chiti(j arc not 

Ihcac cb3t7ve4 >*ith *om^ Al 
pujhci, Tl«»< rtaulla dctaaooairfllc IhAt a 
quenciJtfT iiy« on the 3' cod c*/ eligo- 
nucle^itUlc rjn quench efficiently tht 



TABIE Z Results or 5' Nucha s*; A:i«y Comparias I'rotxm ^'"^ ^ 
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fliuuitsrfffirr M a rBpftft*<r dye on the 

Cical Olid iyyc o{ uU^nM<leoil<]c to 
be uncd A3 R probo In the nuclease PCH 

To fe«t tbo hypdthoiU thai <^«artrh;*ig 
by a Jl' TAVniA d<jp6a<id on <H« n«KLl>ili4y 
oJ t)ia oliKonuctcoddc, fluorescence vttz 
mc4wiflO fur probus in the sin^e- 

iVUA^Cii ond OuubU tirancltiiUlatc*. Tft- 
at SIH and ^^52 nm. The rfiflUvc dtllTtC 

o( <iucnchmg is «9)es)«d by calculalliijl 
thr KQ MtUK l*nr proDcs with TAMRA 

Is little difforence in the HQ voW*<^ when 
oKHpaitns: sIoEie-suancUid w^rti douol?- 
siraadcd oUtoniicieoUflci, The lesuiis 

/or prnhcf with TAMJW ft IHo J' vnd ar« 
mu<:h diffwnt For th«»« probce^ hy- 
brldikatton to o complementary nrond 
CAuaca fl Oramai^r tncicMc In HO. Wc 
prnposc ih;iT »h<s toss of quenching )s 
caused by rue rigid stmoture o* doubio. 
lUkndftd UNA, which pnr'nnt* mc 5' 
flrtd 3' t:nd3 frombcinii In proxiniliy. 

When TAMKA IS placed toward itc 
«nU. there U i markud Wg* ' effect on 
ouencKlnR, Ilgvire 3 »hftW5 a plot of cb- 
Jcn*<d KQ values lur thu Al sdcs of 
probes a* 4 fuaciion of Mj}^"^ conccmra- 
non, Wiiti TAMiov anachcd ncftr thff 5' 
end (xx<\H A 1-2 or Al-7), the UCi<«il\ic :il 
0 niM Wir**" l« only sllgnily idfchor than 
RQ M 10 itiM MfT ' . J'oT iJfobcs 

and Al-2fi. the Ka values ar o 
Mg*" art very hi^h, indicating a tnucb 



niduccd quon£hing cfflclortvy. Pur each 
these jwobet, U\«i« U H uiHtkcd d> 
nrvM in KQ qI 1 mm * fCiJU»»rcd by 
u ^rudvwl decline as Ahc Mg' ' tuiiccii- 
trution injcrea&et to 10 mu. t*iuliu A 1-1 4 
ft1\tiiwB an inlrm^cdiaie ttQ ^u]\xv II 0 

Mq'^ w;iU k ^niduo3 decline m r\i$,\ia 
M^^ * coai:ciUio<i"»5i In a Ipw-sali cn- 
vironjnrni wUh UO M^' " jiiweiiU a 
gU^fcioiulcd 'oJl^onuclutitidv ivould bo 
€xp«cted adopl «n v*iriuKd voilfoJ^ 
inaiiOfi because ot cK'Clrtmailc rrpul- 
dlor/nhc bimjUaii oi Mg** lon^ nos »o 
ailleld;;j|ie;v^ diargc of tllC phOiu 

SacSon^^^ The OUg;ojiucit»- 

otidc con adopt canforniaUon} where 
the end is Close to the y cnU. 'iHeie- 
fufe, ihfr obscftfcd Ms= ' effects cuppon 
the npdon thai quciu-hing ol a i' re- 
pdrl^r djri' by TAM^A or TJcor the 3* 
end tirpcnda coi the Hcxlbillty ol the oil- 
gorucleorldr. , 

DISCUSSION 

The itrlWnj hndmt tif this Jiudy u that 
i{ , fcems iIk mdcl am lae dye TA M KA, 
pkccd at any posUion in «ui oli^oriilclc- 
nlbdCi eaii Quench iHc HtiOixscem cmlv 
.Mfln nf a huort;scvlh C0-I'A>I) pUfjPd a* 
the endgSlihi^^ inai a siAftlu- 

otiJy mufit.lfn* ablo i> fcdopl ftootomia- 
tloiis wlwi^ tha TAMBA ii cUiac tt> rhr fi 
end. U sliduld Ue noted iliat die ducajr of 
d-1»AM>i the KJcvitedl stale requires a cti- 
toln Amount of time. I'hewforft, what 



TABLE 5 ComF«a>oii o/ PK>rirr-%CTni;r RiiUa^wuo yf fiUijclc-iiTrflndcd and 
Cjc?ublc-»irandc<3 Pluoroprnic ?jui/c» 
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104.41 
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Ci5) Singlciir judrd, Thr flwoTebLTJKT rmimona ji 518 ut m nifi for .mluKona rontfllnInK 3 fjiWi 
vt)ncemrfftlnii of 50 jim indlcainl pitibr. lo .tiM iVc-l ia (rlf 50 anwXa, «nd 10 mv MjUV 
(dO DouWc^j^mrdrd. l-hf. wniwrltms comJlnctt, In oddilicn, 100 nM AlC for pmhn* AV7 and 
A j-?Xi, iw A5C foi probtj A3'6 ana a>-z4. mm lit: fur tm^ix-i r>7 and r2-7J, oc Ico nw 

rjcxur (jrobctfM-loandJ'S-iM. ncxarctnv ao<ii\|o|i qfMJC^ii?/ jw^u ofcaaj iannUc na* iicatca 



nuittem ror ^ucocUIm^ u nut Uiv 'jvcrigc* 
d'KtaAca bQt*wecn G-VAM ond TAMIU 
but, rnthci, how cloic l AMP^A can get Id 
fi.i*AM rtuiitiB die llfhtime of tnc G-fAM 
4xeitiditale. Afilooii «fc d>c U^^ufy tlfiiu oj 
t)i? <w'ii«d flialc relatively lonp( <vsn- 
pAirO wiin Uie iot)Jecuiaf motions ol ihc 
oiigonucicotiac. tjucnmlnfi can occur. 
THUS, we propose toai lAMRA at tliu y 
end, or any othor ^o^dtloiii can C}Mvu;:h 
«-fAM at the ,s' on<l becau,<*e fAMPA is In 
PTOXlrnliy to fi^KAM often cnfnigh tp br 
able lo aca:pt I'oprgy iransftf Irum an 

CKClTCd ti.l^AM. 

Dfliails of Thv tJuoir«sci>nc*i mcasurc- 
ittcntJc remain p\tZt)li\t»Tox acflmpIcTs- 

ble :^ shttws that liyunaixatiun pioT)cs 

A and I^S-2tt to their complc- 
Tncniary JiranUi: nor only ciiiios « larso 
increase it* 6-yAM (luoreiccnce at 518 
nm but alao cauaw a tnoflcsi liicroi^c in 
'VaMIIA flucjrcaccnct* at SR7. nm. If 
•j AMilA is iwrng excUtid try cnecgy trans- 
fer froni quefichod r»-VAM, ihen lose of 
cttieau'hinK atlTlbutebltf to hybrldlsaUoTi 
should cause, a decrease In ihc fluorcv 
ctintt; emission of TAMRA, ITie fact that 
th<r fluoicsoencc tinriission of TAMRA bi- 
creMci indlcalo thut thr ailuallon U 
nintP cainplex, Knr ncamplc, we have an* 
(fcantai cvioeiice that no Oasos of ttie 
oUftoiiuciaotida, espccUUy <-i, quoncn 
the. fluotcjcirtice of boiii 6.FAM 3nd 
TAMIU lo aomc dciiree. When douhle- 
siMiided. baic-paUing may redvre 
auniTy (jf the oases lo qucnc)!. The prl* 
uiaiy factor causing t)w ^\:«inchinft of 

b-JKAM in an Intoct pcoW* ihc TAWRA 

clyc I'vidcncc for uie imponant* of 
TAWIU U ihat 0 fAM nuKii^scCince 

yiohn% U1»u!*U ouly vvlch 6.1'AM are ustO 
In the 5' iiucUhijc I'CR <i»«3y (<aM» no* 

snov^iu. .'letx^noary cUcciors of nuoxc 
oenc<u both before and afici clcava^tc cf 
thft probe, n<>cd to ho wpl^d further. 

I^es^trdless of the pnyilcal niocha* 
ni,iTn,'rhe relative Indci'cridcncc of posi- 
tion and qucnrhliig greatly slnipIUio 
lue dadgn of prnhw for tno S' mjclcasp 
I'CR (ij(.iAy, Thott ate three main faclori 
IhAl deiojmlrc the pcffoctuftncc c»f a 
double-labricU fluorctccni probe in die 
V nuclease Ucn aasay. The flTsI fftctof 1* 

the decree of (luenchinij </l»KeTvo.d tn thfc 
int»o probe. Thla la charactcn'rcd by th« 
vidu^' of TvO.' , which Is ihc ratio of rf 
finrtcr to quonehef fluorescent cmU 
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dye? U5wi, :ipiu:iofi bc.Wfccn reportef *n<J 
quencher dyc3, nucleotide scqitmcc 
coMc«» clfccUj p«»cii«c or «Uurtufc or 
ulhtrc fftclwi* lliol reduce HtAlUlUly «f 
the aUpjnuclcoLidc. aiwi purUy ol <Kft 
probe. The JCX.<ind Mdor Ihrrfridcnry 

pcob« f>««*cnc« of leconc^sry 3lru^- 
lurc In ptob* or tampliic, anncahn^ 
. icmpciaiurc. and other uraction c^n<ii- 
ilons. The OUrfl taeiov U\Uc cfQclcncy at 

bound (p^oljc bclvfccn Ihc icpoitci »nd 
quencuer dyej, TUb dcavajc la dcpcu- 
Jcni on st^utiicc comfjkittcnlijrU/ be- 
ckon piobe and template as jhavjn \jy 
■ vlic oU>e<v6Uojx U»ftl mismatches in the 
jctniem bewecn icponcr ftn<\ qu^nchuT 
dyw (irusacany reUau: \Uc vicavajuT \»f 

•Oic ri»c id Rp" values for the A3 se- 
itci of probw sccwji xo InUicatt that U^ic- 
rtcE'I?e of quenching h TcOuvtU avinv- 
wn'ai as UVG qucncner k ])iaccd lownid 
the (ifltl >h9 lOfWttI apprpnt autinch' 
ing Is obncivcd for p«obc AM9 H l^ifr 
3) ninet Than for the prob« Y/hcrc The 
TAMRA a\ a' «fifl CAl-Xb). m% W 
■imdcntondfible, a* the coiiCoimaiion orf 
!tic 3' ena position wuuw be expected w 
ba leci reiicictcci Than the ronJurm^TUn^ 
of an laur/wi ro«i«an. m effwx n 
cucndict lh< 5' ^^''P^ 
CcnfortUfll^onS cloae to ihc r«pOTtCf 
dye than Is wi interaftily pli'Cwl 



prolkM. tl\e Interpffnadori ot %Ci valuci 
la Iratt clt*r<uU,lV Aa prwlics ihw the 
5Qmc \i^nd « Al,/»IUi ihc 3' TAK4IU 

i«mal •iAUM:pxobe. Var Ihe palj 

HmK prolw hav» xWrnit the ftimr UCj" 

v&lut. Fo< ihcJ>S ffcibwi Lhe RQ W Ihc 
y probe Ji lc« Ihfto f<M th< iftU^iwUy 
IflOMM probe* Arothcr factor tK;n may 
wptwi^ »oiflc of ths ohHWYfia variaHcn fs 
ihal puvlty "(^v tli* RQ" vAlue. Al. 
lhuui;h all jaruta atx HVl.C J*ui;f;*d, fc 
smQll amouM nf contaminoHtyn with 
un<f i«nchvd feiionrr ran have ft Urj^c el- 

AhhuuKli »hwc «»<^y • inOd<*l «- 

feci an debtee Ot qwenehih:?; the pojl- 
tijn uf Ui*.' qaeuLlicf apimfc/iily van 

Imvc 6 Ui;^ cffccl o« the ciTicimry of 

ohit'fvcO wUli pnilfc Al"2, wiieofe pU<:«- 
mojll inc'*rA>wJUA on the acv\uu1 
vlruUde i«dui^ lUc cffl<lci\cy erf dca^ 
fljre to almost «to. Vor the AX 1% and TS 
prohw, m l»> roDS^t Hn=J«t«r for Ihfl 3' 
TAMKA prohiM; as coinpaicd m- 
n;m>i taMHA prrt\iw. Tii\s IS explamcd 
nujji cQsllY V»y BBiutiduH li*^ Hj'l^bi'i 
wit)\ TAM^tA aV the 3' end «e more Ukaly 

to DC ClMVttl hlHWCCil lepwlci «Ad 

qucr\ch«T than art pfohiss with taMRA 
DUachwi ititcnxalVy, V^r the Al prohc^ 
Ihe ikav„go «fCci«;cy of ?roh€ ^y7 
must already he «fulie hlRh, ^ acct 
noi mcreasr vvnni thi; qucn<Jher «i 

• Pnd. Thi% Ultw 



use probes with * Qa*»icKof tl^« X 
end in ttic 5' nucicMc f*c« ci^ay- m jhu 
Msay, an nvcxe«»fi if* intensity of n> 
porter Avoresceflce h l>h«.r^•ed only 
wbun Oie prubc H cK-dwU bvlw^.\'ii Utv 
leportor and quencher dyo Ov piocing 
iliu »u>j«iUj* auuJ i^iieiKliui d^uk un Iho 
opPoiUe «nd<* i.n ollf^nudecUde 
probe, any cUav»«« Ihfll oc-cim wl" be 
Uciecictl. Whun djc ^luciieher U yiLuvlml 

,«v#bc wuck* well CAl-7) »ncl ulhcf Ultlw 
noi SO vieU CA3-6J. Tl><: rolaUvolV po**^ 
pcriofmaiicc of probe prcwmflbly 
meaot <ho pwbc U hdnR doaved 3' to 
(be quencher tMho* tha^ uotwcen vhc 
rvnnnnr nt\d Qtvfnchef. TJ^er^orv. the 
bc5t rliancc ol having o prt>ho that rcU- 
ubly detects iiccuniuUUoii o) ?CH jnod- 
uci in the S' nuclease i-'CK wsa> is lo uie 
a pToho wiTi) rhc fcpoftct ond quenchor 
ijyc* uiioppo^i** «nd.t. . 

Placing the qu<=ncher dye on ^ 
ond may ileo provide a sUghl boncfU lii 
terms p< hyU^dUrutlon criiMcncy, Hlc 
proccice of o queitchei auacbcd to an 
Internal nudeolldc inlRht he c7t|;cdcd Ui 
6ihtuy\ b»*«-i»ttirina aiiil rciUlce the T^, 
of a proWe. lo ftoH^ a 2'*tr-r<! rutUuliun 
in been obacmd f>< «vc pjobc* 

wiUl lai«ildl\y trtuidicd TAMKAv''^ lln* 
dUfupiit^e «ff«rt wt>old be minimltcd by 
piecing the qvienchci al U\c 3' eitd. Thui, 
prahc.1 v<iVh y nuwvhcn mighl exhibit 
silfthtly hlKherbybritliration c/tldontVu* . 
awi\ piiibcS wlOi iiilenia] yyenclicn. 

Th« eombinaUoft of iricreaicd cle«v. 
act: fti»d hyl^fi<ilaitW>n tlficl<mc»e* uwaiw 
mat prcbca rrilh 3* qucncbai probably 
will bcanoie lokianl of miimoldio be- 
iwocn pfoT>^ and tftfgftt ns oomparcd 
T^ni* ;iU<=rnally Ul^«l«d pi'Ot>flt. Tlui lOl- 
trancc of mtimaUKei t*n advftjMa- 
gfeoui. as H'hcn iryhig lo UJt a j^^f^rtla 
probe u> detect PCK^^pliflcd ptfiAucts 
fn.m h»ii..]*l«< uf dillcf eiM Si^^ClCi. AlSO, U 
m<an'» tiift* deavag* of pnjbc duf 1 Hii 

l5 lew aeilAtHrr to alU-nOicMii^ lO «iV 

QCal^ns Tcmptrahirr, or other leacUoi^ 
coiAdltloni. 1'h« onrt appltuatico where 
toh:f flUOC o( mlsr^atcn^s may be .1 (Usad- 
vaniaitc is for allelU dUcrlnlnntlon. Ijic 
et M flecnanslraicd that alle^e-f^rhdiic 
p,ob«K vnitc dcftvcd brnwccn rcporLCf 
and quimdvcr only when hybflcllzca lo ^ 
pi-ifcclly complementaiy UffiCt. i hit al- 
lovK'xl ihem 10 flisTinHui^U tuc normal 
hiiniati cystic nbiano Mldc [JoTn jh* 
jlf50S (nutans Thdr probcA had TAMHA 
attached to seventh nucicoUdc ftam 
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ay68 •pMiiB fictwron rcpoitcr 
Queacbn Uyw. iwdtoUOC sixjwncf. 

other uciors WM redu** Hexlbihiy oJ 
ih4 oUgeftuciisotirtc, srd purity of T»>n 
ciobe. rte wwnd factor IJ loe efficiency 
ol iTybrtiUMtiun. vihich 
pjooe prcicnee o( sc«<ndi«y 
luto In proiw or template, inncallnfi 

ZI,. The ihW ftctoi is the atlicicney a t 
vimcn Jttfl UNA potymcn*: ticawc* 
botiad probe taewccn ihe reporter una 
cuontlw dy«s. luis cleavape is depen- 
dent on seqtienM complen«nutivy 0^- 
(wcr praW and IcmpUt* » ^'^•'^.S^ 
the otaerratton thai mbmawbw in the 
tum«rU hettwcn reponer and Qucnchw 
dy« drtStlCBlly reduce tU« cleavautf of 

'''"mi ti-^r. m RO «a^« fw 
»ia» of pioues seems to indicate mat Wie 
dwa ol qucnchinis is reduced sota.!- 
wlut a» the qu«i^cheT U placed toward 
tuc 5' f tid, The lowest 6pp««nt qucitch- 
ItiR is observed for probe AV19 (ace hg. 
jj'-wrt,*/ than (or tho f«o/,^|^^.f';^ 
T«MRA ii .t the 3- end (M-«). HjU " 
.unactsumW)lc, as tnc i:onfcrro(rtU.n oi 
the y end pooUon wtiltJ be cxperteo 
bt lw« rdrttlctod thw mc confarmatlon 

ot an intern*! position, m clfrxt a 

qurnchei ar the 3' end fro«r 10 «nopt 

contormatlnns doic lo the S- rcpor»r 

dve chw 11 an imernnUy p]«ccd 
aye ^ ^ ^^^^^ ^ 



utv\MX, Oie lim!f|)l«tsUnn o( BO 
i, Its J dcar-cn. Th« AS pTobes snow ttoc 
»mt. rVtnd « M. with th« 3' TAMit.^ 

probe luvins alaxger RQ" tKnn 'I- 
tnrndl •rAMkA.piuXK- Pit th" •'f^' 
butii c'lobM h»v« about tftu saini- RQ 
y,lur.ror the PS prubi-j. •l*'^^- /"'Jj* 

libeled probe. Another factor that may 
c^daio some ol the obsetwd variation 1 J 

thouRlt tiU probes «T *"^"^ purllteA. » 
Miiquwnchcd rcpoher cult lisvc a »« rse «^ 

"^AuSS'chcj be a «^da« ^• 
ten nn d«B™* of .jucnchittg. P^J*; 
lion of the qunwhrr apiiaienUy can 
have , largi: c0cct on ihe ctttelen;? '' 

Observed with proh. At-J, where pla«. 
went oi,tne.TAMRA qn Ac s^™" 
, clwtlrfeiredtit-J th 

pfObP*. ^RCi u much gnwtor lor rtic - 
T.\MKA prones w compartfd with me t"^ 
temHl TAMWV probes. Tbb b explaltjcd 

r-rt easily: by^««»««in6 •'^^ P-J," 
wuhTAMRAal a«:3' enda«imortllWy 

oe cieaviKl between 
fluenchcT than aie probio niih lAjyiRA 
eSicd lnt«nally. ror tne Al p;rolK«, 

mlScJy he tiulK high, at do<- 
not ln«Msc wlicp the J*!*^^ , * 
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tcaloi tht Unpotwaee ol l»l'ifl »ble 
use prooei wl* « au*nch« on tH» a- 
end tn the V n«Klw»c mt «»ay. lo 
atwkv, an in«M«* m tho inteojity of '« 
-«rt„ fluowecne. Is oh..r'/<«l "nly 
Ivbcn ttic probe U deaved t«twccn tnc 
Tcpurtcf jind qwnchw dye "y P "» 
ibD MpotWt and <ju(rnch«t dye» o«i 
opposllo cJidc of a-T oUBtiliudeolKlc 
l.iClKW .iiy vl«»«»H- tl'Kt "'••I'^'l 
dewcied. When the ntwnchf « attached 
»o a.» U»Uia») .MH.l<l«llJwi witiotlm** tba 
r»robe Wfttl« well \a1 .7) ond olher «t"~ 
not JO v^-H (A3.6>. Th*. relatively iK.or 
p„f„tma«ce of p.ob« pre^umab y 
mcbos tlie probe Is beluK eU»«cd * \J> 
<h<i awcnchrsr mlhcr than between the 

rtlv detects accuttiulrtiou of PCH prod- 
uct ui tnc V nuclc«c W» M.»y U totiw 
a proUit -«tih 'hp ieporici and ouonrbcr 
dyea rai opposite ends 

end may abo provide . iUgb boneO 
twmJt 01 nyt>fldJzaUon c£llckrey- Iba 
piMencB of * t(ow>tl«tr artRfhed to an 
micn.«l »u«W.d« »* «t«<:'f 

o£ 1 prob*-.. m fwt: a yC-3'C red..cl on 
:.. 7'„ b" l>«»^ observed foi t^off'""* 
JltH InKrfMHy attached TAM«As.<" hb 
Si\mpt»vc cHert v.o«W be mlnimisci by 

pcbtr wlil\ qacnchm ntl^h «bl>U 
rillihtly nifilKr hybridisation effidcndrt 
S^robli internal quenchm. 

The cam^ilnotl*^ of maeised deav. 
aitc and nybfidiwtlonxfflclcoclet tneans 
tKo^** --Wt 3' qt^riichers. probably 
win be mote colorant nt misniatcucs be- 
man probe and wget « compaiej) 
SnfmaUy labeled probea. TbU w • 
«u,cc of jnismatchej t»n t'c advwia- 

^, wh*ft nyuig to u« « 
orobt 1" detect pau»mpiif<«d P.'"*^"'-" 
f«plcsoIdlHerent.g«.A^^^^^ 

U let wnsltivp m nliwttlims In an- 

neallna t««p«at»™ or '""^j"" 
"^SL.TTeonc applSc.tion J^^^^ 
toUnrtttt of mlimatchM maybe a dUad- 
vantaee U for mlleJlc tllscnmlnatlon. 1^ 

r.,ftr^ wt:rc cleaved between toporter 
C5Sr only ^1.- I.ybudi«d t« . 
«,f^y cnmplrmcntMV tantei. ^ hit aU 
Cd thein TO UlSlinyuUh Ihe .totmal 

atiached to the seventh nuclwtidc Horn 
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end iw<l w?»< fljjtno** to Oiai any 
mlSinolcHo vrcrc bctwcun roporlot 
d.id troeAchcr. Ircreaiinii the distano; 

^etw««#, t«p«rt«r ana *|Uftnrh»T WrwW 

nvsTChcs and allow cUavai;« of Ihe prob* 
mi tiw IftConcct taryut, Thu*. probes 
M^h « qgcnrtwf MWehcA <o an inicrnul 
iiuoJeoflcW nwy stUl bfl UC0(ul (or aDoUc 

Ul IW8 Stuwly lOtt of ^uonchlng upon 
hybrid ouitli^n uscrt 10 lhov» xlwl 
quoflciung i 2' TAV4IW U dqu-ntlcni 
uii Uic awlVlUcy oi a iinj^la^randiCl Oil- 
iioiiucleotldc, The IncraK lis KporUJf 
jluoidJiceiuY imcmlty, TTlOUJtU, coxild 

OfWlEAtlon Iws Dcoirrud or nor. Thus. 
oVigoQuclcoUdw wUh ^'^^^ 
nucnchcf <iy« ftttaohwl ut of*p»wUr cnd» 
(liiouUi also be uKfUl fli hybridlMtWn 
f>ro\*«:. Tho ftWllty to <Jctccl hybfKllBft- 
Tion In real time mean* ibai priiljcs 
couw be U3fc4 ro measure hybiidUattcn 
nmtiTia. A15CI, TtiK lypr nr probe could be 
wed 10 develop nomogcneoiu tyhritl- 
iration nssoy* ia* <4Ugaoj»4ic»or otH»r ap- 
plications, Uttgwcil dc6crib« jost 
UHS type Of hanxoacncous nssay where 
hybridizalfnu of » probe cause* an l«- 
iTua« Ift tluwMcortco cftuftcti by a loss a( 
<JU«n<Hing, However, «hty wtiHaatJ a 
OTmp\eK pTC>bc doljn ih«i /etiulit.6 aUJ- 
lug iJuLlcotuVa. 10 boUi cnda the 
•probo ficqoeacw to foxm WO impctfw;t 
luiirpim. Ih*) wsuUs prosontad haw 
vlciuyu^iw w that the simple ;^doiuon of 
a ccpoJier dye ti> one end of an oUgpnu* 
ricotldc aa<5 a c|Mcndi«f dyt lo uic oUict 
c»\d gcnQra»c *■ fluo»<kg<mi< j»rolxi thai 
can aetccl l^j-briaUati^m or PCU ainpHfl- 
mtion. 
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fWe Have enhaiccA ttc polymeraao chain 
Wartiaa (PGR) such tixat specific DNA 
'^nueaces can be dewcwd without opcn- 
w tSia reacrion tube. This cnhoacement 
^equijcs the addidcm of ethidium hroimde 
SfEtfer) to * PGR. Sixice the euoresccncc of 
*EtBr Increases In the prc a cncc of doabie- 
tstr^dcd (da) DNA an incirease in fluorcs- 
Icexxce in such a PGR indicates a posxuve 
laiiipiificatinn, wWch can be easily mom- 
«ten«Uy. In fact, amplification can 
^ conttnuxjusly monitorwl in order to. 
fibUow its pmgrrjw. The ttbiUty tO Binuilfa- 
feeously aiiplify specific DNA sequences 
Ikd datect the product of the ajnpJificBtiop 
fboth simrlifi^* inxproves PGR and 
filly facilitate its automation and mc«re 
irtdesoread use in the clinic or m oth«- 
[^niatona requiring high sample through- 



u erttf specific »mpHC«rioa jnd dc-cuon of 
DMA toot pbce 

pliee without the nefirt m »eP»««.««|J"*?,^'KC2"^ 
been termed Tjonwf eneoiM • No wuly bo^g^ 
^tt« PCR asay has been aemaisazccd to 
™e« towaii this enct has been rcpnnei Ghch«b, et 
k^Ta^vdoped . tCR protlua dccccaon achcroc 

ode prtbe. The probe would cnly '^^'i^ ^^uJaTln 

Sto^.^t£"&'^«^^^^^^^ 
^"^J&'elo1^a".^^o«,^.c.^^^ 
and FtiR product detecaon b^cd upon the f^'^Y^ 
creasert ftuoiescence that cihidiuia brcm«i« and och*- 
SSi biXs dy« exhlHr when thcr bound to 
5^^^»2?r^ Ruined ill 5ik'ui-c I. a protoeypvc PCR 



>■ A Ithaigh the poWRiUl benefits of PGR' w 

.cu dwgnospa arc well ltM^ii",««'f~' 
ji/-^ ■"-idaly W in this setdng. even dwugh it W 
»i. 3l. foot yearc since thermosiablc DNa polymer- 
jfe* nude J»CR pracdcaL Some Of the rrasoM for id slow 
Stoptonee are hiih cost. hOt of autoroadon of P«- 
jo«5cR proe«..5ig «eps, and Wsc posWye f««Jo fro« 
^ntyoveMOntamiMtion. f ne first two porno id«ed 
r-vtiiM Ubor is th« largwt eoMrtbutar to cost at the pf evnt 
jge of PGR development. Mosi cmrent aaaya rc^utf* 
im« form oC "dowtuitream" procnshl? ODCC thermocy- 
■m« U dons in order to detenniae whethCT che rarjct 
ml soquencQ v« proiaat and hoJ amplified. Thee 
!*(iud, DNA hybridiiatiofl'-', ([el electrophoresw *>* « 
rj*h out uae cf r;£rojction diffanJon'*. M?LC*. or opiDary 
jttctrophorci,". These method. «. bbor-intcnse. have 
IViv throvchput, sad are difficult » automate. The tlurd 
i3 Jjo dwdy related to ^'>^^J^'^JI^^J^ 
IHt hwidling of the PCR prodvct m these d^^""^ 
tF^.«« incvejvse, the ehaU» that «apUfi«d UNA wDl 
through die typing lab, reaulang in a nslt. ot 
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pf :R prortua. 'fhc components of a rtfR ^'^'f*^^,^!^? 

daDN A. There i3 n laf^* L^lf nN a 
tau«d to DNA binding u gTcaUy cflliancc^ wti«l PNa 

incrcasa i» wul flttOrteceocc. 



2 



EOTECHNCXD'?/ VO .1O APRO. 1992 



413 




" dlmer" 



b*foc« xnd ate, or cv« <aiidnuaus)y during, chccmocy- 
ding- 



1 



. cwswd MSUl.T* ^. onicr to wacaa the 

S^i^ *^ '^^ dye prc«m « 

IJotisctiOtt B**™? fluorcaccncfi Qr 




3C- 



from (A). 



dsDNA contamiag the oJgec sch- ^ » ^^pgoiilne 
oa the appl«*=>o.^ Wjm ^, r^genis 

free E;Br iudf, ««1 f"' „SSst™ded mr|«« DN A (by 
ON A priBcri and » ^^'^'^l^ b««. If the 1»N.^ 

DNA will bj 

„DNA primer ^'''J^'j^^^^t^ of thh ch«.«« oa 



^iic » rep«t ^^^j^cil* i«>i«aliy contained cither 
Y^oni««o«e' . These i-v-K* » J ^j^^ 

60 np n>=il-r "50 °P»^°±d,^o^ •ih DMA. After 0. 
Five r«oU«te P': '^ T^'',?^" o^ctog. a ^''r e>cli 

UNA ^ rc«w«^ ^"'i P">°'« 

cuivc reflect* f^^!^,?^ ^ " "•"•"^ " 

.flucresceoor cuv he ^^""^^^ ^ih cycle number 
.becoming tl^rri^^^cd about tKre«-kold 

iitg hatnaii ntfle ^^^cgi which concamcd either no 
for negative ^°^''°\^^^Jry^ mere m»l« DMA 
DNA or humai versus 2 ns-^ fe'-" 

£y«;ea were needed W prodwts of A«« 

by imply ^y^B^V^SX^cW cheni thmueh » r«J 

c< ihc Taction "Jc^^ specie to ^ 

V piadnS d.e epprepriate ppev^ 

^pealing ^^p^:-;;^^'^TyiVTi-'^*'^i'' oi^^. 

» reactioQ with either we (ri-^^mtjo printers. fWt'. 
di^f--^ "^.!V.r^?..^PAll fi!«: from . hctcrc^l"- 



wild,m.e i*-6l°^,.'^"i7i^i^«k from . hx-uoiyfo* , 
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Thp DMA xvoe wa5 rcflcocd in the 
^Utt". °T"7TK<.rc » iimufieuit mo-ease In nuDna- 

'tl J..nraf A» «pc«ed sis« tor ftgUsbm. There wd, 

^ was inisniatchacl to bodi alleles. 

^. tu e1S?.«c readout of ^<hjs. .-"^^"J^ 

"m. 'pacific sequences from 25 up of hu»um mol* una. 
t"lJ,l^n «> Ftwe 5. THe readout from - <««'!^^^: 
'"•rnc arj« DNA U also shov-n. TWcy cycles of PGR 

— -once inteniity is minuKum at tQC acniawi«"w*» 

flS«n« niaaiD, ^ nmuia do na change «smS- 

Sa, ^^i^ theVis li.de if any bleiching of T.xBr dunnf 
:,he co«tmueus iUummawa of ifte «mpie. ^ 

tang produce.l at « d«cc«blc Not- 
. V«cLL minimi ar the denawmocn ««-P«X X« ; 

.««c ino^. at the anneaUng temperature. A^Jt™ f 

'wiishowed a D^f>. feagmeot of the expected "J 5" 
•maj" DMA eoi.eaining .a«p»' detectable DNA 

ifK»d>cEU for tke oonorol lample. 

;:,u«c«peo6* Stobe »» enhan« the 
■mc«B that the jpeolidty of this homogetieo us assay 
^dcpeadT^olelv on that of PCJl lo 
tdl«a,=, „c havw »to«n d«t PGR aloe. 
>ea<,enef jpecifidty to permit jeneae scree maff. Usmf 

,,iKtific prodmiiion of daDKA m tt. ahawite of tlie 
L'Pproprlaw target allele. ,v^«— "em he 

!:■ The spedfitiiy retjuired to detect pachogww .eui be 
hjhtz or 1«S tbaD that required to do (i»5,« 
;Utfsndlng on the number of padaos*-" "» "^^ X 

cJncunt of Other D^fA ttai luiirt be »J«=° 
;«niple. A dWcult targn is Hlv, which ^l"!^"^ 
■»f i viral fsncras that can be at die level ot ft tc" "Pi" 
,Pct thcu/aadx of host cells^ Cumjp=.rcd «tH 
iSotemna. whieh is peifonnrri nn ceUs ooniiuanj « leaii 
f<"<c copy of tht target sequence. HIV dcteetioa r«r»«» 
» ^n. spea&aty lid the input ot more total 
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v«. «.d tc carry t^^Sfit Protocol). 

,mi.«d light l»i to a «''«^f5iK wiflc prinwj in » KR 
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scu^e DNA « over which w^r 



artifact Th» » the •""^^'T^i^J^toush chU ocxw* 

subJOaw for ^'-'^/tP^. t-j-ea aie rare. Tlie pnmo^ 
dimcr product « of eaur.= ^^y. ^ 

touroe of filse signd » 'S^" ,„? reduce cbe effcei of 

^K'"-, u. which I^'^rrftwe^^Stfovc Dt^A 
genomic PNA %OT?r?«o^^ 6' "add-oa" co 

SCHUCUCC into the ^ 

Wc Uvc shown ^^.J^f ^"j, ^craichtfo^ 
Dotb ""V tL^FwUJ-. which automawa of jp.-^ 

SreomptetfidPCto »^r^tP»*J'^ i^,, the Huor«- 
n^enanoa >\90-;*^iif,'rU;n»Md hrfore,aficr. and 
eonec in each PCK cati J^^^.u^^ocycutig oy ma^i^K 

te»de>'. nrraaarr to coartnuOUJly. m'irjtor 

a.clri,,l* PCK. "«'^^?5^;^oLt^ , t^oi here « " have 
A dilitet ««u««ion ftf 'Pf^f^^a««oa light and flu- 

to monitor »"i^P^^'^^' ^"S^r I^gure 3 iKm 

'^^!?^rc.r 11 u^ii ^« 

cotwcntiaoon' , _ of ttieet niol«^« ^ 

CoQ>cr«ly, J tb* ■"''™^L °3c^LK-^ndnuom 

t,vc and fake neRsn"* .^^^ cxhlbii dettctablc 

8dores«T»ce by » P"'^'^ "^t^^ed before or sfier thai 
cycle would indicate P^ ^i^on of LNA polymer- 

incff.d«tly af P'^'-fS"^'^'^ isige numbei of cy- 
cl,»_«umy more th>ft are n«co«-. r 



„ this a«ay v^S""***^ il<»e,7u<h cotwols av,y 

a (arge number of l»»rii ^ ^ ^ ^j^,,, 
reia»ce i> =°t««*i^ffjA^pSL?l^^^^ 




&cfc 



to HLAJ>Q»- f^i :?'^iiu^h^).WA.spedficpn<nci^; 

or no T5:r,3?^^ Th. of cydcs ter^ 

a ample were at U»J«»k<» » "'^ ■; 
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TS«p«»^en were d-=r<'«?'tJJ^p^don»^0 H"? ' ' i 
Su2x»n &KA.dut«« bomWEOi 9, oNA U-it- • ; 



SuSun that «s 'gP.'^Si /Sit (AS), or ONA U." "•»- 

e,cta t'illSS'^^^i^e of Js'c b^.*:?* ^ 



ivelel it"<>*X (W 1 ™^ !^,^,T»'of «'5'C bS^<» ^'^ii 




OG 330 rail cutoff fi^^^i^io^^ of kCK 9*''^^rt£ 
-^"^rir^ ak<i c^dngs a«sV' 



(torn rooiP Ijsht »4 PCS. «« »« MnplflcaOon »1 Y^Jg 

Bo.e«»-q.eo« rep^tj^ ,emf<n(ure of5''^,^JiUc««*| 
:^„^'^e?^'^Saic^^^^^^^ 
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SCD-14ELISA 

Trauma, Shock and Sepsis 




c.ThQ CD -14 molfiicuie le expressad on thP. J^rtace of 
' oiortQcytes and some macrophages, Membrane- 
:V bound CO-14 te a receptor for lipopolysaccnarid© 
viXPS] complexGd to LPS-Bindng-PfOteln (L3P), Tne 
: concaniration of aoiubie fnrm is altensd under 
- certain patholoq.cej conditions. There ie evidence for 
^■ *an important role or sCD-l-* with poiytrsuma, SRp^^^. 
r ; ' burnings ano infi ammations 
Ouring septic conditions end acuta inf actions II sesms 

:.-.io be a prognostic maiKer and therefore of value m 

y:nioniTQring tnese padents. 



IBL offore an EUSA tor qo&nim determ.nfltcn or 
. soluble C0.14 in numan serum, -pta^e. cel!-ouiUjfQ 
-sunernatants and other biotoglcal fluids- 
-. Asaav featursc: l2x8deCBrm!nams 
:(mlcrnt'rter strips). 
pfccoGted with a specific 
monoclonal amibndy. 

2x1 hnur incubetion, 
standard nang©: 2- fifing/ m! 

dclaciion (imlu i nQym) 
CV;irrtfa'- ^nd intarassay < 8% 
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WT^jP genes are members of the connective tissue growxh factor 
family that are up-regulated in Wnt-l-traneformed cells and 
aberrantly expressed in human colon tumors 

OfAw ?mNTCA' t, Todd a. Swansqn*. James W. wblsh', MaRCajlet a. r6y±, David A. Lawrunce*, 
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Robert L Cohen*. Mona R M£lkem'* Gene G. FtNtEv'*, Phil Ouirke^^. Audrey D. Onor»A»^t. 
KfNNBTti J. Hillan'*. Austin L OuR^^EY^ Davih BorvrFiNt^t, ano Arwdlo J. LevineJ 
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**Uni««£ii(v ci Pitubtii^ii 3^.bMft uf McOmuc, Vcici lua AdtuuuftUauuu McUjuJ Ctnicr. riu>o«ren. f A 13240; rr\;a]vcriliy Ueiti. txcos, i>/v.rr Unnctf 
KliaQJom; «0»p«nn)«nt of CtMiit*, Si«Aford UnU«r«;(y, F«lo Alto, CA 943Q5: and ^Dop&ninciii of Molcculor BicloQr, Pcktccitai Uaivunliy, PrlncetoOi W 
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ABSTRACT Wot family member 3 arc critical to many 
d«rclupmcntdl processes, and cojnponcnts of the Wot Sicnal- 
■Oj; pathway horc been linked to tumoriccncsls lO famltitil and 
sporadic colon carclaomas. Here we reiiort the iijcntincatioa 
of t*^ aeocs, WISP'2 and that arc up-rccuUtcd in etc 

mouse raaromao cpldieJlai cell Uae CJ7MG fnnsrormed by 
wnt-i, bui not by Wqm. Tofictficr witn a cnird reuicd cent. 

rtcjc proteiDS fleflne & subhim"> of the connective 
Ussue growfn raaor family. T*o dlsuocc systems aemon- 
SCrareil ^rsf in^uctioo to h« associated with the expreciiao or 
Wat-l. These mcluded (i) CS7MC; celU iofected with a Wnul 
retroviral vector or expresslfig Wnt^l under the control of a 
tatracyline represiible promnier, 4nd («) Wnt-1 tr«Qce«nic 
mice. Tfaa WISP'l geno w«a UealUad to hvman chromoa^oia 
«q24.1^aqJd J, WJSP-I ecoomic DNA wet amplified in colon 
coacQr cell Unas and in human colon tumors and iU PNA 
ovcreKprcsiod (2- to >30-foJd) in t4% of the tumord examiacd 
compared with patient-matched normal mucosa. WlSf^J 
mapped to chromosome (q32-6q23 and also tr^ OTcrex- 
pressed (4- to >40-fotd) in til3% of the colon turaurj qnalrccd. 
In contrast, WISP'Z mapped to Kum^n chromosome 20qU- 
2Uql3 and its DNA was amp lifted, but RNA expression mqs 
reduced f2- to >30-ft»ld) In 79% Of tn€ tumors, TDese results 
3U£ecst ihflc the }YISr genes may Dc downstream of Wni-1 
5lEn3itne and tnai acerranf levels nf w^ry/" expression in colon 
cancer may P*aj' a roie »n colon rumorieencsis. 



Wflc-1 i£ a mambcr of an expandinj; family of cystetno-rich, 
gtycosylatod signolln/; ptoiains that modiato civorso dcvolop- 
mcntal proccsaca auch aj the ccnlrol of cell proliferation, 
adhesion, cell polarity, and the cscablishracnt of cell fates (1, 
2), Wnt-1 ofitifially vras identified as an oncogene activated by 
the insertion of movsc inamniar}' tumor virus in virus-Induced 
mammar-y tdcnociircinoinas (3. 4). Although Wnt-l is Xi^i 
expressed ia ihc normal maminary guna, expression o( WnM 
in transgenic mice ctuses matnmary cumots (5). 

In maniinaUan eel's, wnt tamlly raenibws initio tc iignallng 
by bioftine the seven-fransmembranc spanning Fiiziled 
receptors and recnJlilng tlic cyioplasmic pro rein tUshevaiUa 
(DshJ to Ihc cell memorane (1. 2. 6). Dsh then iaiiibiu iha 
kinase activity or tnc normally constitudvely active glycogen 
synthara JcInacAOjy (OSK-JP) raculting in an iftcr6:ica in 
(J-catenln leveifc. Stabilized fl^atenin iniwacis with the ttan- 
scTiptlon tactor TCF/Lcf 1, forming a complex thai appaars in 



TTic puDtlcitifln coitj of this arncJc were dcfrayc<i tn part i>y pige charge 
paymcriT. TftU article mujt fhcrctorc oc ncrcoy marked "ii^iftiumiyir in 
«cconinncc ^ith Id LT-S.C 91 solely to Indlme thb t\ci 
C 1933 by Toe t^^ix^ A A£«]«niyof Sowncat 00:27.3424/03/ OS 71 7-«2. 05/0 
PNaS u jviiijnie on'tne at^^'^ Oiiai oii. 



the nucleus and binds TCF/LcJfl tarset DNA elements tO 
activate iranscripUon (7, 6), Other expciimcntx auMcsc that 
the adenomatous polyposis coli (A PC) lumar supprt^orgcne 
al6o plays (in importani role in Wni ^i^ialing br rcguUiutg 
p-catcnin leveLi (9). APC is phosphorylutcd by GSJCOiS, binds 
to J9<atenin, and faciliteccs tt,i dc/;rednuoti. Mutatiuns in 
either APC Or fl-ootonin have been nasodated with colon 
carcinomas and malononias, suggesting these mutations ccn- 
tribultf to the development olf thcso typc.s of oanccr, impllcadns 
the Wnc pathw«y in tumorificncaia H). 

Although much hae been loamea about the Wnt sljjn aline 
patb-'tty over the peat aovaral years, only a faw of the tran- 
cchpUonally activated do^irnstream conipooaita act£vat«< by 
Wnt have been chiracterizsd. Thoca that have be«n dcEcnbod 
cannot account tor ^ of the diverrc funcdonc attributed to 
Wnt signaling. Among lh« candidate Wnt target genee are 
tnote dncodmg th4 aodal<rolat«d 3 gene, JOir?, a mombci of 
the transforming growth tartcr (Tfil'>/i niperfamily, and the 
domeObOK genes, en^atUd^^ooseccid, r^in (XfWnX ^nd siamaU 
(2). A recent report also irfentiftcs z-myc as a target gene of the 
Wnl signaling patnway (lO). 

To Iflemify iCdiiional downsircain genes ta the wnt jign al- 
ine DAfhway Tliai ut relevant to the trins'orrned cell phcno- 
type, we used a PCK-bascd cDNa subttaction strategy, fiup- 
prtssion subtracitve hybridization (55 H) (i.i). using Rna 
Iwlatcd fmra C17M0 mouse mainmaiy epimetlal celli and 
Cj7M0 cells ,nahly trunsformcd by a Wnt-t rcrrovlnjs. Over- 
cxpresjion of WiU-1 in diia cell line is xufTident tii induCC a 

partially transformed phcnocypc, charaacrlzcd by eloniraied 
iuid rcftaculc cell? that lose contact inhibitioa and form a 
moltiltycT^ array (12, 13)* We cciisoncd that gcnc^ differen- 
tially expressed between these two cell lines might ton tribute 
to the transformed phenotype. 

In this paper, ^e dcflcribc the donint: and (;harBCtcrizaiion 
of t'wo genes up-rcRulatcd in Wnt-l trarislbrmcd cells, WJSP-1 
and WrSf^2, anc a third related fcnc, The mSP tcnca 

are mombcra of the CCN famihr of crowih foouns, which 
includa* connective tissue growth factor (CTCiF), Cyf6l, and 
nov, a family not previouflly Imkec to Wnt signaling, 

MATERIALS aKD METHODS 

SSH SSH wM pcrfwmed by using the PCR-Salect cDNA 
Sub erection fCii (CLONTBCH). T*«.ter doublo-slrandcd 

AnmcvlaUOnS: TGF. trantCQcaing growth fucteir; CTCF, conneciiv* 
ciwac trowUi ftiwor. SSl't supprcsibn suUif active nirt>rti3Itailofl; 
VWC, von WilUbrand factor typo C inoduW, 

Daia dcpocition: Th« Mqu«nc« rdported m ihu paper havo b<M(\ 
acpositsO in the r.mban'c darabase (acccis'on nos. AHOa/v? 
An0077a, AF100779, Af 100780 *itd AnOtHhl). 
To^hom j-«pnQtrQ^una1a should be aJdreasod. e-mail'. diano@gertc. 
com ^ 
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cDNA was cyathesizcd from 2 AG of poWA)' RNA iwliied 
from the CJVMG/Wni-i ceU \tnc and driver cDNA from 2 
of poly(A)* RNA from the parent C^^^^Ojf "i: " 
iractod cDNAUbrtry was subcloned (nlO apGEM-Tvcciotfor 

further analysis. 

cDNA Ubfary Scmnlng- Qoncs encoding tulMcngth 
mouse WISP J ^erc iwUiod by screening a AfiUO mouse 
cmb.70 cDNA library (CLONTECH) with a 7t i-bp prObe from 
the orifiinal partial done 56S tequcnce corroportdtne to amJno 
acids L2a-169. aon« encoding full-length numin WISP-} 
were isolated by scrccnins AgtlO lung otvd fetal Icidncy cPNA 
Jtorario with the «mc probe at lo* stringency, (r*^""*'"" 
. costing /ulMcngth mo.Sc and human WISPf '"''t^^l'^^Z 
scrrenlne a C57MQ/Wnt-1 or huizien fatal l«f 8 /DNA Ub«ry 
with a probe correspondlnE to nucleotides f uiu 

length cnNAs encoding WfSf-S were clonad from human 
bone jnarTOw and feul kidney librwics, . 

Expn«sioci 01 Human RNA. PGR amphfication of 
firtt-iiraiKl cDNa was perfonncd with humtn Multiple Tiasuc 
cDNA panels (CLUKlHCi-() and 300 uM of etch at 
94«C for I sec. ^'C for 3U see. lor 1 min. for 22-32 crclca, 
WfSP and glyceratdahyda-i-pnosphate aehytlTOCcaaac pomcr 
aoquencaa «rc n^^aiUbls on request. 

In $lt« Hybriairation. ^^P-Ubckd sense and antiscnsc nbo- 
orobca wero tratiiicnbed from an Sy7-bp n'K prOdUCl corTc- 
Tpondrng 10 nuelcollde; 601-14AO at ttUiUSC H^JM 01 a 
294-bp PCR product correeponding 10 nucleotides 67-?75 Of 
mouse All tisauca were processed « deiaibcd (40) 

Radiation Hybrid Maopinc Genomic DNA fwin eficn 
hfitlA in the Stanforc 03 and Genebridge^ ftadisuon Hybnd 
Panels (Research Gencto. HuntaviUc, AL) and hunun and 
hantfier control DNAS were f CR-cmplifiiHl, and the tafiulis 
were submitted to tnc Sianlbrd or Ma«£chuwria Institute ot 
Technology web servers, . . ^- 

Cell Unfcfi, tumors, and Mucosa Spccimciu, Tiwuc epoci- 
tnens were cttaincd from the Department of Pathology (Uni- 
wersitv of Pittsburgh) lOr paiicnCS uadcrsoing colon rcaecuon 
and from the Univei^ity of tcc(ls. United Kingdom. GcnomK 
DNA waa isolated (CJugen) from UlC pooled blood of 10 
normal human donors, su.rg*"! ^*=<^«^'^- 
ATCC human cdll lines: 5>W48a, COLO 3ZnDM HT-29. 
WiDr, and SW403 (colon adenocarcinomas), 5W620 UynJph 
node molafliaaifl, colon adenocarcinoma). KCT U6 (colon 
carcinoma), SK-CO-l (colon adenocarcinoma. 
HM7 (a vcviani of ATCC colon adcnocarcmoma cell line 
1 74T) DNA coaccntraiion ^aa determined bv using HocchSi 
Oyc 3325S intercalation f iuonmetrv. ToUl RNA wax Pjcparcd 
Tjy tiomctgeniz^tion in 7 M GuSCN followed by centr.rugatujn 
over CsO cushions or prepared by usms RNA20I. ^ 

(;cnc Amplincatlon and RNA Expreaaion Analysw. Relative 
gdfia amplification and RNA citprcssion oiWf^ and c^yc m 
the ccU lines colorccciil turner*, and normal mucosa were 
(letermincd by quaniitativc f CR. Ceoo-ipecific primers ano 
fluorogcnic protjes (sequences avaiUblc on rcqucsi) were 
designed and usc<t to amplify and quantitatc ihc Rcnca. Tha 
relaiivd gene copy numocr was derived by usms the formula 
2lAd) whd« ACt represents the Olttcrencc in amplification 
cycles required to detect tbc mSF gcncji in peripheral blood 
Ivmphocyie DNAcompired with colon tumof DNA or colon 
tumor RNA compared with normal muCOSal RNA. The 
^-method v^es u<»ad for calouhcion ot tha SE at 'he gcnc copy 
number or RNA e<prA9Sion Uval. The Mz/i/-. specif iC signal ^as 
normalized to that of iha glyceraldchyd£.3-ph0spnacc dchy« 
droaenase hou^akeeping gene- All TaqKUn assay rcaeenis 
v^.c obiejnod from Pcrkm-Elmcr .Applied BiOfySEetOS. 

RESULTS 

Isolation of mSf^i and WISP-2 by SSU. '{o 
T-Inducihlc genes, we u3cd the technJqud of SSH usmg ttie 
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mouse mamroary cpifhcliai ceU Unc C57MO and CS7MG cells 
that stably express wnt-i (IT). Candidate diefcicndally ex- 
pressed cDNAe (l,3SA coral) were saquenced. TWrry-ninc 
percent of the s^ueneos matched kwiwn %^^ts. or homo- 
logucs. 32% maidicd expreaaed soquencc tags, ana 29*c had 
no match. To confirirt that tho tranacripl wat diffcr«ti*Uy 
expressed, semiquantitative reverse tnmscription-PCR arid 
Notilietn analysis were performed by using ujRNA from the 
C57MC and CS7MG/Wnt-l CCUS. 

Two of the oDNAs, JWif-; and WIITA, wccc differentially 
ocprcjsod, being induoed in the CfTMfVWnM CeH line, hut 
not m the parent CS7MG cell* Cr C57MU cells ovcicxpreslng 
\^nt-'t (fig. \A and B\ uolika Wni.l. does not mducc 
the morpholopcal ttanafofmaiion of C57MG celU andhas no 
effect on ja^tcnm levels (13. 14). ^^^l^}y^^:\ 
up-i^aulated approximately ^fold in the CSTMOZ-WnM ceU 
line and WISP I by approvlmatcly l-toW by both NortbcTti 
analysb and rcvorse irinseriptiOfl-PCP. 

Aft indopondent, but similar, system was used to examine 
Wist catpreislon after Wat-X ioductioo. CSTMG ccUs cxprcss- 
Ine the Wm-l ecne under the ecrtrol of a tetrajrychoc- 
reprcssfblc promoter produce low araounts «^nt-l in wa 
repressed state but Sftow a strong inductioa of "J***;^ 
and protein wimln 2d hr after rc'racyclinc removal (8). The 
levoU oC Wiii-l and wiS? RNA Isolated from ihcae cclLs at 
vflnouo dmcG after leiracycune rcn«nrat were assessed by 
quantiiativo PCR. Strong induction of Wnt-l mRN A was Seen 
u early as 10 hr after tetraeyclwia removal. InducliOfl ^XVfiSf 
tnRNA (2- to 6-fold) was seen at 4(j and 72 hr (data not showti). 
Ihese data suopon our previous obscrvauona that ahow that 
ray induimon IscorrelaTcd with Wql-I c^tprcssion. Becauae 
tho inducdon is blow, occurring aticr approximaicly ^ hr. the 
induction of may be an inOlreci response to Wnt-l 

sienaline. , . 

cDNA donca of human WiS?A were isolatfiO and the 
.«qucnce compared with mouse K'/i7'. ^'th« sequences 
oe mouse and hum^^ WlS^l were 1,766 Lnd 2,830 bp m length, 
respachvdy. and encode proicins of 367 «»s *»f\P^<jdi««<i 
relative moiecular masses of «4O.0aO (M, <0 K). Both have 
hydrophobic N-iermin<il Stgna< sequences, 38 conserved oyfl- 
reine rwiduec. and four potential N-Unkcd £lycosyle«on sites 
end ore 84<^ identical (Fig. 1A\ 

FuU-lcogth cDNA clones of meuse and human were: 
t 734 and 1,293 bp in Iciujch. rcipectivjly. and encode proteini 
of 251 and 7.10 aa. rcspctrivcly, with prt>dictod relative molec- 
ular masces o/ -?7.Cnn (M. 27 K) (Fie 2iiy Mouse and human 
w V3% identical. Human haa no poidncitJ 

N-lmked glycosylation sites, anti mouse mSf-l has one iX 



(todin 



F.c. 1. »7£F-I lod ere inducud by ^oi-J- "^j 

hybAdLd with a 70.0P mou^ Wf-f-speofiu prabc 
(unio «id£ 273 JUO) or 1 i^(^Q W.Vf -J-Kiccihc ^rcbe (auclootulo- 
Uia-1627) in the T untranalatea teglon, B]u«wcrcrcliybndt»dwah 
liuinan fi-c-tin prot)c. 
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«rvcd arnon* the 38 eyctcines toatiC In »75f-i. 

w.SP-i protein Thomologous 
pottntiaiiy related f "j^Tiacnath nman 

Dfowin taut we ttavc wUctJ wiSP j. /»• 

u ivf^p r M'/«;'-2 and f.re novel sequences, 

^rrrs^i. HmJ is expressed m lo>v. bui «« a"'"*"^ 
-I,«i»ti- ootential of K.-i73S mousc mclanomc colls {.lih 

&lf.«"^' ImpHo^ ia -ound h'^J"? ^j;^;!- 
dkotdert ,na U induced nyTOF-O (17). Ctt«1 a 

rllifcration. migr»^<in, anffOgcnSSlS. and tumor K.'"^* C"' 

Wia- proteins «<t>lbU ihc modol.r 
famay. charaaerU-cd hy torn conserved ')'?7"t"^^^SrTt 
ULie no residues, coouim a consccisw sequence (GCGC- 
aaC) conserved in mott .nsulin-Ute rrowth factor (IGF)- 



©(nioin)Ofi)®oiTKni^ 

J, 



iiiifilkilMslM 




AduTt 



tin 1 (A\ Encoded amino Kid a«qu«u» Al»gnn«nl of htimji 

^"^ " -i^r^f W15F.I iftJ wi?;^'*^ mat art not 

present wwr j o fioraJtmscnjauic «a cy^oino 

*,^;nc (TiP\ Thifi c^quenca Is conserved in WISM 

SSiad oC a glYdne. CTCF rcccnCy ^ Been Shown 
r ^WeaHy bind IGF (22) snd i ""^ P^^J,!" 
^Sw ine TGF-BP dOTnain oncogsfw (03). The von Wl- 
liciung ne '<jr ^" „j„|_ /vwCl^ eJao found la cetUin 

?^«'SSfaSy nv^W" """leeO p.cvio«ly. in .ha. « 

• ,ronh8 10 cyrteinc residues (Fit 3 /- andi(). 
A"h«t viable r c^n tel^ »he vwc domain. Tt« third 
Id^I- m^ttoomlK>5oondm (TSPI <io'"»* « Involved In 

rcsidoej and a conserved V/5xCS»<CG mow are 

dimemauon and receptor blndlnfi («*). jj-/- ^ j""?" • 
p^tnt .n all CCN tam.iy raemoeo d^^cnbcd » but 
'b,cM In WISP-J (F.8. 3>i a«d B) Tnc ' P^^^^^^ 

Ln-l sequence and the absence of i transinembraac donvun 
agn,-i sequra Mere led proteins, an obscrvaHOti 

5UEgc« that *'5LTo(AdrUi««ion»«'-«"«iOntrom 
S,ipportcdl,Xan an JY5.»of tha^^ ^^^^^ 
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analysis on aduU and retaJ multiple tissue cDNA pands. 

expression was seen m the aduli ticart, kidney, lung, 
pancreas, placenta, cvar>', nnall inicsclflfi. and spleen (Fi& 3Q- 
Licac or no cxprefisiofl was detected in the hnitl liver, Slcdcul 
muscle, colon, peripheral oioofl iculcocyies, prosiate. tesrlsVor 
thymus. WISF'2 had a more reicrioed tiicuc expression £na 
W03 detected in adult skalecai muscle, colon, cva* y, and fetal 
lunp. Predominant cxpTcaslon of WfSP-3 w«fi sean in 
kiducy and testis and £clftl kicnoy. Lower levde of mSP-3 
acprc»ion were detected b plocanU, ovary, prottaco, and 
small intcalinc. ^ ^ . , = ; ; 

In Situ Localiwtion of WTSP-I and Expteaacon of 

WfSF'l and WISF'2 wns assessed by in jiru hvbridiifliiofl in 
Tnammary nimors from Wnt-1 transscnic mice. Slrcna cxpfca- 
sion OX was observed in stromal fibroblasH lyine «"tnin 

the Cbtovascular tumor stroma (Fig. ^A-D), However, lovr- 
Icvcl WISP-1 expression also wes observed focaiiy within lunior 
cal)j (data not shown). Nc expression was obicrvcd In normal 
brtaii. Likd WJSP-l, WlSP-1 expression z'so was seen In the 
tumor etioma in breast tumors from Wni-l transgenic animals 
(Fig. 4 However, WlSP-2 exprowion in che stroma u/as 
in jpindU-ahaped celia adificem (0 capiUify vctteJt. whereat 




FlO. {A. C.£. anO 0) Rcprcscnjati^'C hcnxawKytin/cosin-staiiicd 
inugCi frora brcisl <umow in Wm-l tranaiTMic mice The corre^poiui- 
infi dtrk-ficid im4£03 ihov^ing mSP-J owrtssion ve *hown S and 
D. ThB tumor ia a modonitoly w»U.dirr*rtiUiii«<l adcnacoranoina 
showing ivid«fl« of i<i4W)id cyitic change At low power (^ illltl W. 
ftxptcision of WfSP'J 'S seen in the deticaic eranchinc fibrOvasCvIar 
tumor stroma (arrowhcacf) . A' hi£ii£f niagnmcaiion. cioctssi.on i| seen 
m mc sirocnoiu^ ftbroblusts (C lUtU 0), 4ud wmcr «lb mc noeattvo. 
Focal cxDfasion of WISP' J. howow. was obacfvod nimaj cdk in 
jomc arcM, lmngc3 of wprMSion at* «hown in Al)low 

po*«or (jS and oKprw^icn of WlSP-2 i( ucn in ecUi lying yrithin flld 

fihrowivcuUr tumor stfomi. At vgncr tnafiniQcailon.'tnesc ticiis 
aopeareo w t>c aciiccnt to capillgry vcsads *l\crc9S oimor cclis arc 
ncptivc (G and AO- 
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the predominant cell typ* exprcaaies WiSP-J was th« stromal 

Ebrobluw. ^ ^ 

Chromosome Localization of the WI.SP Genes. The chro- 
mosomal location of the hvman mSP ficncj w« determined 
by radiation hybrid mapping pancle, WfsSP-/ is tpprcximately 
\M cR from me meioUc mariter .^FM259xc5 (loganthm or 
ocos (lod) score ifi.'^O onchtomofiome 8q24.l to Sf^lAX In Hie 
same region as the human locui of the novH feraily mcanbcr 
(27) and roughly A Mbj distal to c-m>c (28). Preliminary fine 
mappuig indicates that Wi:>P-2 it located near D8Sl7i2 STS, 
limited to the markrt SHGC-3.1922 {lod « 1,000) on 
ch'romotome'2d<5l2-a0ql3.L Human WISVS mapped ic chro- 
mosoma 6(i22-6q23 and id iinkod to Uxo n^aAar AfM2UaeS 
(lod - 1,000). WISP-2 is approxcmiucly IS Mb« proximal to 
CTGF and 23 Mbfl proximal to the hnman cellular oncogene 

AntpUflcaooB ond Aberran I Exp rtsaion of WISfs m Human 
Colon Tumors, AmpUfication of proiocncoftcncs ia seen in 
many human tumors and haa cilologicid and pro£nc3t)c 
nuacahoc. For example, in a variety of tumor types, c-r^yc 
amplifLcaiion has Oeen associurcd with malign&nt progression 
arid poor prognosis (?0). Qecausc WfSF-J resides in the same 
general chromosomal looi'On (Aq^^) as c-myc, wc a&kcd 
whether it wai a targei 01 gene amptificadon, and. if so. 
whether this ampiilicaaoa u/sls indtpendeni of the c^yc locui. 
Genomic DNA from human colon career cell lines was 
Bficcsfiod by quantitativa PCK. and Southent Wot analysis, (f ig- 
SA and fi). Both methods detected dmilar degrees of WfSP-1 
amplification. Moat oell linflt cho^wed iiynificaat (2- to 4-fold) 
amoiification, with the HT-29 and V/iOr ceil lines dcmonstrat- 
inE Bti'S-fold increase. Siipufioontly. lh« pattern of ampUfica- 
tiuff observed did nci coirektc with thU «ba«rved for c-myc. 
Indicating thai the cfnyc £cnc is not pul of the amplioon that 
involves die WiSF-J locus. 

Wc next examined whether the m^F ficncs were amplified 
In a panel of 2.1 primary human colon adenocarcinomas. The 
relative iWii> gene copy flun»i3cr In cach colnn ownor DNA 
was compsred with pooled normal DNA from tO donors by 
quiniitailve ^Ci^ (fig. tij. The copy namoer of MSP- J and 
WSP'2 -A'as significantly greater than one. appraxlmatcly 
^fold for WISP'l in about SU% of the tumors £n£» 10 A-roW 
for WISF''2 in W% of the tumors (F < U-UUl ior each), the 
copy number for WISP-3 *as indifitinguishabk Irom one (f = 
ai&6). In addition, ih« copy number m^F-'J was fiignifi- 
canclv hiRher than chat of WfSF-l (P < 0.001), 

The Itvelo of WlSP transcripU in RNA iiiolaiod from 19 
adcnocarclnomcva and their matched aormcd mucosa *er9 




Fio, 5. Amplificattcn of WtSP-l a»aOmit; DNA in colon £»ocer cell 
lines \a] AmplifiMtion <n cell Ime DNa uas determined r>y QuanU- 
tativc PCR, (fl) Southsm bJotj cooiamfn^i c=noniic D^A C'.fi ii£) 
O'gcsicr wittvF^Rl (IVT^M) or ATjoI (c-myc) *fcre hybridiicO ^.iih 
3 100-bp hunuin JtTif-f yrobc (amhto acids 18^-il9) or a humoD 
z-myc probe (locaicd at bp 190J-20CO). Th« WtiP and myc s<aM af^ 
dototrtcd in ftomiGl htimiin goftomic DMA of i« a longer film axpoiufc. 
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1 umor Number 

°«lo,lTh:Xr«c m^s * saM from one 

present in nimor tiauc varied but wai «gnificantly 
S^,«d (!ltO >25-rbW) ta fl4?i (18/19) of human cok™ 
cxam!B«<l compared *fth normal sdjacent o^uco^e- 
^oi 19 wmon Showed greaKT U,an XO-toM ovcr^^pc"-?- 
frrnnrrsst in 79% (15/19) of the lomor« axinuMd. mSP-2 

6395 (12/Iii) or the colon nimors compared with iho aerraaj 
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F,c. r vmr Rr*A exorcssion in primorv Kumofl 

„b «,c W ixpresslon in ..o,m»l maoosQ fro™ *e ""S^^^:"!- 
donl. m uiplwruUi. iHc cvpetimcnt was rtvicuctJ at lowt 
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mucoid. The imoynt of ovcrcxprcssion of HW-i ranged from 
4- to >40-fold- 

One Moroich CO undemaflding iht truilccula basis of cancer 
^ krS^nonnd cdb. Stratceies ba*cd on asSumpTions iJiat 

SSH. to idcntay (tenes »l«:Uvely expressdO in 
07wn" mouse mammary cciihcU.l celU lr«>.forn«<J fcy 

*r^e of e.c genes i^Uted. Wl&t^i, WSW, A«d imw, 
ar^^em^ers Of rnc CCN family of growth £»?»r.. v-h-ch 
in£hS« CfGF. Cyrfil . and fiov. » fundv not previo«(y linked 

"t^o'SS'^c expcrimemal syucm, 

TKft firM was C57MG cellJ iafWcd with a Wnt-l rotrov ral 
Of oImG ecu. expressing Wm-l uoder Ae eowrol of 

Wa'-nr»o.Ecni« m!c». >«he« breast ws«e aprcsa WnK. 
^rias n«iftftl bre«3t tisaue dc« not. No WISP RNAexpres- 
^^^^ cetcd in «u.mm«y tumou l<«h>ce<i by pnlyotna 
^i^^c^dd?J T IntSon (data not tho«.n). Ibcse (Utt SUKOt 

could^retuU from Wot- 1 sitnallas directly 

transcfiptioD fmor regulation or allcinaurcly through wnt i 

^Zg «n»in8 on c aanscrlptlon faclo.. «h.=h m .un. 

wKfoe " SuWatnilyoftheCCN family 

ef Swth factor.. One .trikiaj <>'''cn:n« ob«rved m the 

^^fdoluS^cuS » b^^^^^^^^ rccepmrbtndin, and 
Se^SS'r^rro^"^^^^^^^ 

«SI«^JoScr He CT dommn is unportani ft.r 

rn.y bind i--PfcS:;7^V 
diU^ent region of the molecolc thn-i 
«e,nb4r». No spdCJflc receptor, have hoen idenlu.ed for CTCF 
o: «ov. A rea^i report has shov«, ih.,l mteRrm a»iv« 
»n adhetion receptor for Cyr61 (33). ..n. 

w,Sn .ho fibr^««.J3r tumOC Stron.a ,n b''"' ^™ 
MVnt-l transgenic snimals ii corsbitfm 
vlSona thai cranteripu for the rclaieO CTOF ''f 
mirilVcjwtatsad in the tibrous biroma of raanuna^y npcns 
fa'V kXlial eelk arc thoos««« « ctmtrol the proMerat«n o 
[«Sc Ueaue stroma m mimnai y tumor, by a cascade of 
HraSoter aifioaU .imilsr co thnl conTnlUus connecuve 

St^fX-h--^^^^^^^ 
^^^rh rictors th.rs.in.ukiw the production or ClOh add 

ob«r\ie(i in the stromal ed). thai ^-noundod the tumor coUr 
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(ccitheiui cells) In *6 Wnx-1 ir««een.e mouac 

^uld occur in «Kich ihc sIrOaUlCcllJ COUld WP^^^S W wd 
WlSP-2 » resuUifi tumor cell growth on (he WISP cxuacd- 

D^ltrix h.va bocn postulated to plsy i foto in 

pto4r.iio<i (35). Tl>e localization ^^^W'^' 
^nd in *c stromal cells oTbtessl luinorj supporo th» 

hunum colon romor, >howcd . " ^"^'^S 

RNA w« ,sen in tho ab«n<» of DMA «"PW?"- 

buc its mRNA expression w» sienif.cwUy the 
m.ionty of mmort compared with the e^ewion m norm^ 
X"c mucosa Xrom «e snmc patlcnU T^. gene fox human 
WISP J w»S localized u> ctltomremrne 20<ll 2-20ql3. «i a f«6>«.n 
frsauenUy ampimed and assodawd with foor prtsnosis m 
nod, n«ativ« brea^ cancer and many colon 
bg .h. mtieture of one or more oncoeen" »' ^ 
(i6-3S\ Bccauce chc cenier of the ''Oqll atnplicon has ool jol 
Un idcntifiid. it i. po«*bte that the apparent "".P'^f;?"?" 
ob«rv.d for WISJ>.2 may az avsa} Oy another icnc .H this 

dc3crib« the loss of »xpr«s.o« of thtf eene^^afier cell 
iransfot^utien. suggesting it may be a ^^S^^^.^S^'^"^ 
gtowih in cell Uncs (16). Although the '"fj"'™^^^''. 
W-2 RNA «prcS3ion i> down-rcgulated danng mahg^m 
transformation U unknown, the r»duecd 6^p««.on of tt^rsir-/ 
ta «.o« tumors and cell line suac^t, thaut "J^y^^™ « 
a tutnor suppressor. Ttitsc rciulb ihow th»l *;J^^^ 
ira abtrraatly expressed In cdlon eanccr and sutt-t *«l 
aliarcd e^preraion may confer selective itovA advantage tc 

"'lfcSbe« of the Wat sienaltne pathway hs" bceii 'tnf^i- 
caud in ihs pathogenesis of colon cancer. bre»3t-canc,or.^d 
maanoma. inclufiing tlie tumor supprwsoi sfne adenointtoua 
polyposis coli and p-«tanin (J9) Mmauow m Jpeevfic r«ions 
of iiiher gone can cause the nabilizatlon and acwi?ii|a'>pn «r 
cvtootaatSc ^^aumin, which presumably comrttmi^ w hu- 
«rcarcinoren«is through the ^""l?* 
as the WISPs. Although the waehanism by whlcft wm i 
?^or™ cells nnd lad««= tum«ri8an«i« 
Scaiion of W5ft aa ?en« that may be down- 
iream of Wnt-1 in CS7MC cdk ^ugecst. « 
important mediator, of Wnt-l«ansform.uon ^a^ 

oon ana altered cwresslon patterns of ^''^2^, 
colon tumors may indicate an important rolo for ihoc 8«tn«« 

in tumor dcvwlopnicnt 

Wc mxflK Oic DNAsytvthcii ^ fouo for oligonud-otidc ^Y^^-J' 

5 W licit «d a KW3<* !or ih* wt.rop.esf iblc Ci /MO/ Wnr.-l V. 
Dul^T frTd'c^^^ «rf D. Wood .nd ;^ «ryce mr artwork . 
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OLNOMI MriHOOS 

Real Time Quantitative PGR 

Chrtstiiin A, Heid,' Junko Stevens/ Kenneth ). Livak/ and 
P, Mickey WilUams^'^ 

^GioAnalyticai lochrioiogy oephiumn*^ Cenerttcch. Inc., South Sah Fwociwro, CAlHornle 940«0i . 
. *App!l€0 »io$ynems Um>K)fi ^P&klKtlrtiS^<^J^ Po^tf City, 0.nfomlA:<)44W 

wrhave dlviiioDCcI a nove~e3l «m«" quaniluiiWt PCR mciliod. The method measura PCR pix»dun 
.^'^muU^'oH^^^^^^ a" u.i4.l.dcci nuoiL.lc probe (U. T..M.n P^U.). IV. r^mhod n-v^« v.^^^ 
KCitrara in<l rfipvoduciWe quaniliation of (j&ivc copies. Unlike ariier qua.u.iMivt PCR methods, rcaMime 
doc.1 not require poM-PCR saniple handling, prowintliifl potenii.l I'CK prcduct c Wvcr 
reiulrtnc In nmch fasicr and WbIw rliroujjhiiut ;iss.ys. The fCR mcAod has a very Iarg9 dynamic 

rartje of jcflriini: ran:er mcfocuU <feurintn.it(cn ^^Mvau iw^ ordapc of maffnUudc]. ^eaUlmp nu^niUnrlvc 
rCft Is enuemcty acntrAcc and less Uhor-inreiisive ihun airreht ouanriracive KR methods. 



Qiianclt^Uvc munoic acid sequence ;*iiWiyw5.iiai 
liad an iinpoflnTi* mlfc ill niuny fields of hiologi- 
CMl rcscaich. McauuuiTi«»n of gcnJt cxpicssJan 
(UNA) hu bRei\ tjscd cxmibivcly U^j nxniiiorinjs: 
bjoloj^nii rrsiitiiis(?5 in various MlmuH C'^" "^l aI. 

Huajjft Gl al. idPSw.l); I'rud'boiiimc ai nl, 
1V95). Quantiiatlvp ^rnr Analysis CON A) hus 
livort u<c<l lo cM^roiiAt the gOfUlll W Hu^^'^'^y ^' 
pofHcuiof Jcnc, fla in thccaacot xtic huflnnn ■■ 
geiie. Winch Is aniplified in -30% of breast tn- 
nujfs (Mamoii Ki «l. 1C97). Ccnc ftnd iionoi-ntr 
quantlunon QDNa and hna) aha hAvv bccnAis(>a 
for atiaiysU of humai^ immunodcficlcnOy virus 
Ui!V) buTciwi cicmonat rating niangcs ii^ ihc lav- 
d£ of vl r\w rhTOujytiov! I the ^lif f«f ool phases of iiiq 
clwcflsc (fJonnor « zl. 1993; I'liiiak ci al. j vv;ih; 

Many n^cthoiU have hccn clcscTlhrd fur tht: 
quamitative analyxu ot nucleic add iic:|uoncos 
(both for UNA ond DNA: ijc^thvrf i i V /ij SHnrp a 

i9Ht>; ThoifJdS i9Kn), Kocontly, I'CZic Jia?^ 
piovcn rc be « pavtrcfful tool for rjunntftaiWc 
luicic^c add anaipls. rc:R ana reverse rraiisc/ip- 
(RT)-PC:r nave pcmitlcd ihc ftneWala iif 
mliitinal sraniHR quajvuies of nuricjc atld (as 
liUlff fiuic c^^ll tfCjuivalcnO- This liM nifldr pes- 
3il)]c many experiment lhat 03uJU iioi hnvchecJi 
p<frf(j/i31ud wl\h trsidiltonnl method J. AUhouflh 
pen provided 0 powerful tool, i( is Impcratjvv 



uiai n 1)1' UbL'U pix)pa,iy quanmuOon OImmx- 
mael^ers Mi^iy c:irly t^porU of 4uanUU. 

itvr K;K and RT-t'CR described <jmiatJl«t*<>n of 
Uk<V^^*TI product hut d'ld n«t mcauira th« inUla) 
lAiX^ 5ctiucnc<: quantity. Il U ttswnlieiJ to design 
pn>i)CT contro!*; (ot \h<i quiniil;iUon Al Iho uiilial 
iAiRvt >cqucnccA (Hcrrc 19^2: Ucnicnll el ftl. 

Hvft<iAiclicr3 h(nr«» d«vclopc<l several ni«t1iOd<: 
Df quohtitaiivtf I'CK and RT-HCU. Otic approail^ 
)Ti^'««ufe."» PC3(. producl <juanlUy in th*- pJvas*? 
ftf live reii<n ion fteforc mo pJatcwu (KcJiogfi <\ al, 
1<>90; VJ»nK « ^^^^ "J*^'^ method roouiws 
I hit each liiinipl^- '^•^'^ ^>^P"^ anuninu of 
nucU-ic ;idd and that each sarr.j'lct under analysis 
mnpllflw; wliJi Kkntical cfflciercy up u> ihc point 
hf qttia4U(4iiv« anilysU. A 5CI1C icqucnco (rnn- 
t*ilnvO ijf aUsnmplc3 ot relatively comtanl qt:mi- 
lii;<*Jt, auch AX fUflcnln) cati bo uw(t fflf sanijOP, 
ajitjilification e/Hclency fiormalization. UfilnH 
convcnticinai jri^ttiods of t*c:r dcrcalon and 
q«antuaiU'r< elccrrophorcsis ur r'at« c«pfuro 
hyfirf(1l7iitioi>). |( Is ('jtirfemdy ialwrJous \o awwc 
that nil sttinplca m. nnaly^^Ml Oinlng thu leg phase 
of the rcaalon (farlMiih ibctAi^t cent ftod ihc 
nunnifllizati<»n gan^f)- Anoih<;rFicthod, <3uaiuiu- 
live competitive <QC)"K:H, ba;«bccn developed 
and l< uccel vyidciy for rc:H quanmatlon, 0<M<:R 
rt;i/ci 071 Jhe iiidusion ol an internal amiro] 
couipciUor 171 each i*fac(lan (Hnrkn-Andrc 1991: 
Hatblc ul ol. l^Ua,l>). The c/Qclcrcy of Q*ch rc- 
aclion K nomaUxrd to thr InU^npl compciilor. 
A w«r»wn jiiTtniiiH of inl^niol cwnpoUtof can bo 
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atWod In ottch fiiin|Jlo. To obU^Jl rciyiivf nii^inu 
tflUon, lliL- ufiknovMp* larcct PGR pfc<iurt is cx>iu- 
jvirwl with till? kt^cwn conipetiloif I'f R pttiduCt. 
Succcaa uf a <3u3rnhAMYC couipclUivc K-K assay 

jjiru^ with mc sanw efflcleiM:y hkxUk* unj^vi -aal- 

WilC, The <lW*Kn of tl\c ci7njv*^'^v« HI* J lbs- Vfl]!- . 

nauon or anpuficaiioii c:fricfcjici<:> jcqurrc a 

the k><j pJiHtff lliu itinjiliflcalioii. Iff* ih*^ ia«Ur 
Mr liic inxi mclhoda ta use. 

Ulfttivv VCH anVl IVlM'ilU AJidlytjtff (1) u^ur^^ 
aclcctlan wtMh U,it:T^Ci\«l«tyxI nuortAcvncc u<Ul^ 

capUlVft and s;^nclwUii |irobc hybriOl/AM lun (Mul- 
dor «i til. AUIiou^jli tlicay iJivOiiKlf. jmiy*^ 

successful. eat:n metiioci rcqumr. nosi-J'CR uiu- 
l\Jp\ilaTlon* Tha^ acUI.rlniu Ki Uw ^Jtalysib ;aiij 
(iifly li:4t< Ui JnlJUJfltmy uMHnif<Jiialiori, *i'hc 
rAlJljJic ttioiu^jlij-'ut K>t inrLlu«i> »> limited 

{wwh ihtr rKc.ci"«if/n of iln- nUtc opuiic ap- 

pcoacl:). «n<^ ituTntfrarti, Ihcac- mclhaiJU arc no\ 
>ufic:J Tiff u>vt> UviiitaoJiti^ tVi;;h sdmplc 
Thcxjuj^hjTut acTwuliiK of Ja;t;c miiubcrs of 

tic** or cJuik'ftl lf?ttt:i)„ 

luviay for <|uanthJlJv« I^NA la^tlyrrt.*. Thv «Mfty ifi 
Ufia^rO on ^llc u,nc of ihc 5' nu<lvoflc way flat 
Ocsaibcd liy HoIUtmi Jii. (it^OI), TJio mvihoU 
nA<:3i %U<r. ^' nufllcASc A»:(Miy of Tm/ pwlyinc:ra.n; (« 
dcAvc a noiicxtcncUhlr. hyhridizMiioa (>robc <Juf- 

cUiot-lubcicO M\joroi;cnic UyiiricM/.iiUoji 

probes (Lcccl JPP3; jln«d<ir «\ al. iPVS; iJvoN 

rci?c»r(ej- |HA)vj <i,c., o-carboxyfiuorr^clii)( find "n 
cmis&lon spccU* it <qucnchcd by Ihc *ccojid fluc- 
rorxcniAt Jyr, TAVHKA (Kr., ^-cariwxy-lcUflincihyl- 

I'lioctaminc). Ilic nuclcMSc dcgriidiitum of the hy- 
hfUHi'-ution inohr nclciinjft lim tjucuchluK (iT ihv 
TAM fKu)rt:i;v;i:iil cini^luii, iOoUinj^ in an In- 
crcHSt: hi peak flxiorcAccnl cmlailon «ii 5 30 mn, 
The USc Of A Wi^ucncc dctctflai ikXU l-'fisin} ,ilUnv« 
mcA^urcmQni of fluoriMiwtnT Hpycirn tii* nJl s^6 w\h 
Iff riip. c Hernial cycKr conamuniiily tnmnK mc 
I'C*R AmpJ]flcarlfwi. "rhtT«:rurc, rcatliuiift 
niufillurvi.l m cvol iUuc, T3>C c/uiinii daifl 13 dc- 
5cnt?ea and q\rai]tiroUYc «naly:ib vi injnH lait^ci 



fCR Product Dcrcalon In R«rtl Time 

fioal wiiK Uf dcvdop a liigMhr^Hi^hpul, 
wAw, piwl iiwHiratc gcjie qusntiltallon Mwy for 
v« In monlUirlrt^ lipid madlalcd ilm/apo«lif 
g^rnc (»r!lv<try. A pliismld Aincodint Ii\j*nan fpclor 
VJU gwio «wiu*nce, pVSTW McthtKk), was 
a^cd V\ a inoOinl lUcrapcuUc kc'«*- '''J^" a"")' 
fJu4.r<uoofti 'i'3qiu;ni mothodoJu^y In.slru- 
mcnl uippblt; of nicH6iirioH nuoroftcuiKc h% --cf i 
ihnt <Ali3 Prism 77(io Soquont'C Hpicrior). n^u 
U-rtijii.<.o rv^eiioii retiulri*s i» hybrMlotttloi) |JtaIv« 
iflljclcd wiTh two dlfforcjit fluor^iscou dy<:s. Oiic 
tlyu U a roi.K»ri«ir clyu (hA^U), ihc OlUcr 3( qutiich- 
ii*H Jyv CTAV<ltA), VJhcii iiw iw»>*' '<* M^^^ f ^'<». 
iCKCjil energy trattafcr occUM AimJ the fCpOftCT 
dye nucrc4ii'.«tif emixsion ia nbsOfbc<l hy IhC 
qucndiU^S <^yv (TAWRA). During ilio tnilonHon 
pbaAc of ihc i'c:.K tydc ihc, (luorcsct'iil hybrid- 
ly^llon pfol>c U cleaved by Otr S'-'l' auckoly^ic 
otiivity of tUr, ONA poJymcrtisc. Oh cleavage 01' 
ihc probe, the report A1' <lyc cmixtioa ii ik» funflof 

iramfcTi'cd cmcicnMy to the <jucnchii)u tlyc, lo 

VuHil*K "i^-roa** of iho i-ujwrtar tlyu llvi6ffra- 

ta-CfX' dwlgnud fw ilm humart fi^cloi VJU sc- 
<4MC«cc and hunivi p-;ictl" Jwrib^d Iii 

McUkjUs), OpUinUaMoji Tcn^tlcu^^ were pw* 
fofm^d ctiMie IKB appropTimc prtibo and 
mflfincslum conccnufllJana yieltliilH !ijj;lif^< 
Irvimniiy of <ei>oricr fluorcifccm ai^nul wiihovit 
KHCjlfJciji^ (ip<:virK-ity- Thc» inflUum<tnl oft<;*: a 
cliaijic-couplcd device ^l.c„ OCD tfliiicTu) k'f 
mojj;i(iflng Iht fluo«c<i:c\nt vnd»frfoii ^pcclm f^wm 
5t)<i to ojti. )!jcIi !'<:il lulx: w« jnoiUiorc-d 
3tit]«ctitiHny fur Z5 mwc with ti>rtUnuoqit inunl- 
torini; th"ri.-*u^h^n«i «i** -JnftHfioktion. )^i:h lubv 
woi rc-cxaxiilricd every »cc. Conipgicf 

ICTiffhy of both the r^^porrcr dyf (rAW).nnd 
\hc quenching dye (l AMllA), 'I'hc UuorcvccfM 
inlvniity t»f Oui quflindHnfi dy«,TAWJU^ chunR^i; 
v<-ry !ml« nver ihe couisc of llu" l*CR an^n^lfl- 
cation (dftl« iw\ iiiuvrii). rhrref<if<l, tho InUiiiity 
of TAVfiXA dyi^ Mniiiioa ssrvi^s ;ifi ttucfaiil 
sUndtixd wUh which \o MOtMiiiUJw iho Kj^rlor 
dyi: (FAW) cmU^ilon vuT^nUoMj. H^t ftijfiWttrc cnl- 
cuidlo .1 vcilux: Ivrmcd AHa (or dRf^> uslfig 
followhis c^jwatjoo- <^l>rt-(lln') (ni.-), who/-*; 
Hit' -CTiiljJBluii liKwishy ui»oncf/^jTiwWrti Jn- 
icijsily of cpjcnchi-f ft* any ^jWai limc In A renc 

tioiJ tuljtr, (II lO Rii -<fmi4«or> JnientiiHy of 7t*- 
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poncr/cnilwUni Unviiiii^ qucndwr mcoMircd 
prifir to rCH iiiu]»iiiicalitMi in iM:<r <amo nwinioji 
tuljc. )'ur tlw purpose or quaiitHaiitiiti Uk Ibm 

KtiialoJi sttp for wc^i I^CtK cycU- wrfc annry/ed- 
Tiie jMicieoiyiicocgraoaTUni onne iiyujiui/ititoji 
probe om\t^ Unrlnff the cxtcumuM pha«* Of I'u;, 
»ind. thi^ni'forc, rqiOUcr fluurcsccni KMinMun JO- 
creases 0«TMig ihi* iiin^, 'J1»<: diia pottitN 
wrc fivcrastU Tor carJi I't^ cy\:lc ond the uictm 
value f<jr c*ach wnfc piortva in an "aiupiinranoij 
ahawn I'i^jurc 1 A. The Mln vatmi vulxnr h 
pUmccI on ihf jAixu, ann Tiiuc, rcprescutai h)f 
CycU* nitmber, w plolieul twi lhc;v-«x;<, CHirlnfl ttui: 
tarly O'dcs of (he flinpJlflcftliOilj tlir ARo 



value remalnc at base Uno when surnnoni liy- 
brUljyjillon |U'obc Iv'iS boon cImvcU hy Uiw Td/J 

p<Hyiiicrtt«: nuclcAw artlviTy. the laicitsJiy of 

p<ir(W nufwfJKtCill OlMUll(r)f} lll|L7VUkX%. XKlll 

mnj\{{\KM)ont n:ucJ> a plalcao phm- o\ fopnrlwr 
fiuojL'iiivii'i c^miRifoJi tf Tilt fCMUUiui h«rfW m\ 
iohl^ cydc niu(iU-i>, The on^plifirAllon plot h 
j:xmii\miX iviJy In ilnv reartlon, iit a puliU 
'^^^^^iijtfwnU ^Iu* log phnjo <»f pit.*iKici arnunuU- 
lipu. Tliii Is (loiitt by wSAififtin^ ati ai^iiUurv 
iiVotMtu*! tuai ih- l.nuod on th*" viifiiibauy of the 
hiutc-iiiic iluiii. FUiiTC 1 A< ti/e Ihfftlhdcl w/w «c\ 
m ia sTftnduni UuviMdoii*! alKive ihc mrnu nf 
l^:iAO lln« onilwioif i:alcubT<d front (yiikii 1 lO 1 f ■ 
Oiw the IhrwhoU ij choscii, the point at wMch 
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ngure T PCft proUuci detection Ui real Vine, (xj Tnc Moaei ttoo iuTiw^are wMt coniiruct ampilficaOon plotj 
troio the cxiowion phaU fluoroficftni emlsvon data cotlcawl during the KR ampimcauon, T*i€ standard de- 
YwtJon i$ determined Irom the dala polnu <oHccUd from Ihc bo3c Un^ of the ampfitoUfin p\oL t^i ^alufec ^ m 
colculflicd by dclcrmlnirtg ihc point oi which the ftuorescence ^xcccdi a threshold limii (usually 10 trnes the 
siandnrd dev/laUon of ihc baw line). (R> Overlay or j mpllflcflilon p\w of serially (1 :Z) diluted human ficnumic 
DK)A*ftn.plos aniprrffod wUh p.;ict;n primort. (O Input DNa cancenrtration of th« samples plorted varsus Cr^^All 
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fioed AS C(., C,. is reported -jir Iho cydo iiuinbvr :ti 
iUu iKJhn, As win bo (iQiponstrutiui, the c:, vaiur 
1,H jneJii^Uvt il^ quairtity of lnj>vt inrgtii. 

Valuw rravldir a QuanUuave'MMimvcmem.flf 
Input Tflrecr5c<jucnc« 

PlgujX! xbovs ampJificHlioTi yloi« of lit'^iTfcv- 

tiU rCR ftirtplIfiMUons overlaid. 'IV ^n»piU;(M. 
none wore porforjnoii on li2 svilal iJihirttirt 
hvman genomic J)NA, 'J*hc amplified tar|;«i w;u 
hiimftii P flCTJn. Tho ampJJflcafion jilotv uliifl to 
th<* riflht (to KIgher tHr«h<%ld cycles) the \np\\\ 

vmita uuutfUiftu with futodf fitdrfia^q cnpiiw Vtf t)tc 
lar^ol molecule require ctalcr ainpljn«-3t.lwi lo 
degrade rnnn^H pmbe to Jitrain Iht* thrrshoUJ 

fJuoreKc*n«. An aibitrjiy thrvshakl of 10 Atao- 
titird dcvialJona ohovc ihr hnsr Ifnr was uisucl to 

Outeiinhitf t}ic C(. valuw, U: rvfjicuwUH the 

C,. vahu'sr pU'Hcd vvt»«3 ihc i?tii2t»ic iHlutloii 
vohic, tflcii djitnlon was <iinpurfcd m triplicate 
IT JiniplffiCTjtktni; and jilottttd aj* im-iin VfiUuvi 
wHb cxiOf bnjfl rc-prc?cnunjt ore jlandaj d df.vl.v 
tim\, 'Ha* Cr vtilucs OCcrcasc iJiu'iriy wj(h Incfcaic- 
iii^r lar^rcl quanilty. 'Jijus, valuirK iTiji be used 
as ft qvwmiTfifi^^c mc^uuicracm of du' f ripin tai^cl 
riunii7c:T, It should be noted Ujat tlu' ampJIfico- 
lion plol for Uic lS.6 nft sajnjjlcihpwn )n WguJC 
li* does ;ioi rciicrt thv snmc nuorescom ratv of 
increase exniliitcd by hkijt of iho oifjcr^^flinplei 
The 15.6-ji^ aaniplc nb; in7iJv.vw rndpoint pia. 
tcnti tit h Itiwcrr fJiioresceni vaJiic Uian would he 
cjipccuxl IjAwd on fhf input PNA, JhJ^ pJiuioiii- 
cnoa hrt.^ been obacrvfU uccasKinAiiy wtih tifh^r 
Hmplr.i (dai;» not jJjown) Siiul mny bc^ Afinbtjt. 
able to itifA cycJc inbibitlt?n; thi.i liyjicubcsfx iv 
siin uod^r (nvcitigfldna f !s imjvunmi to jxjte 
ih^ii riK' rhrtcncd sinpo and wiy plMtau do nor 
irapaci Ri^r-vlfJcjiiifJy ^hc cjilanaii>d q vjiluv &£ 
dcinoa^iThtt^d by the ni on ihc IJru- x)iown jn 
I^l8"'<' 1 C, All triplicate Ampllf/cailunx rrsufn^I u) 
very simUoi Ci values— tnc Jilnndani deviation 
Old noT eircved 0,5 for ^^ny dlJuOoji, TJiLvv^pcri. 
iTi«mt contwiw « >100,OaO-fold rflngcof IniJUl lar- 
gT:1 moJw'uifS. lining C, valiioc (or ^lUAJYllL'iUort 
pcrinils ;i nnich lorgcr aaflay mnge tlifln dlfcclJy 
Ufilnjr toul /kiorcscau Cinlssloi^ inlcnxily /or 
tjuanUtaliOrt, Tiw HiwAr range. oJ iluofesccnt In- 
ttiuitv nicaNUftinent of Uic AlW I'liiin 77on Sc- 



KIM 11MI OllANlllMlVI K'J< 

rm-nfc over n very ):\t^ Tiw^i- *if r<*ia(lvf* uariinf, 
Uir^;(*l <]tianiu(q!i, 

£jmpl« Pr»pararion Validation 

several pai-am^ton' mfjuctice Iht- <'fUirl<.nry nf 
PCW. umpUfioiUon: maxocAlum «nd suit co;iwn. 
LTiitionn, rc;ialon ca3>d»uani; O.a., unw unci lum- 
porUiUi«)i pen lArgct .ii^c ui>d composUloUi 
priniiT scqucncci, and .^flmplr puilTy, All Of T)ic 
.abo^'C laclOJS ;*fM CoiniTioii to %Ciii{;k' J'CH tt.riay, 
cxuTjjt :>iunple io 5«mplr purity. In an atfon (o 
v;<U£jalc (he. method of KamjiW preparation fox 
thciaciorVjJl nKsy, J'CKuroplilk'oTitin tx^produc:- 
11)111 ry and o<flck-ncy oi JO lepjicaie snnipie 

wax jircfiiircd frujH tlie 10 rH|ilU-3i(! sarnpijjit, toe 
HNA «/ai qutiOiHalcdby uJl/^ivJolcl spectroscopy < 
AaipIJfi<;aUon;» vrcrc pcrfonTicd Qiifllyzlof: D-^rUo 
xaii: content in 100 a^jd 25 nx of toUl kwchihc 
UNA, \Uxch K;h nmpJlflcfltlon >vas pcrfomicd in 
'UlpUcdle. c:ainpHrt.sofi of Cl, values for cucli lri]j. 
. Ucat«i i^ajsip]^ sliow mitiimul vttrlutioii Uasvd nn 
nandarvl deviation ajid rocfncjriiT of vaTinncp 
Craoic I). Therefore. c;ich ol iho toplicito PCM 
ainpli«ctftiori5 wuj hl^fhjy fcpfoduclblc, dcirion. 
atml«ii tbdi reiil rime using thiKinjfn/mcin. 
ifltion ifuroductfs minimal vnnutlno Into tbr 
qufljiiiia<wc rCJi fln'ilysls. CoiniiHrlsuTi uf the 
meari vgIuc^ of 10 Jt*p]icutc 3«nipk prcpu- 
wt;<»n3 nU> ahovYcd miniinal varUbllliy, jnOlQl- 
in^ lb AT cijch Mill pi 0 pTQpufAtioii y;<fl<lv<l sijniiftr 
rtsiilis for (<-,ncl)n gcrjc quftDt/ty, J'bc hJ-hr^tl Cr 
difference hctvcepri any {\f rbc sample!? wai 0.S5 
Juul 0.73 lor tJio J(KI And 25 wmpk^ fci;p<n> 
tivMjy, Additionally, the tmplincvitlon cif codt 
AAMijilr i:Khi!jirr.d «r» cijtilv^lcnt /ate- of Jluo/cv* 
ccjit cmi^jifLon inlcjiAUy clianft-e pcj* aniouni of 
UNA tfirj;ct o<i<ily/.cd n3 indicoicd by snnilar 
^Tnpo-* derived from (be «.ixnp)c dibJiSonf (i-ig. 
Anywnaplc contaialojrao c>ccc3i oiti I'CKiobibf- 
loj would exblliii a ^roate/ measuroci p-aciln <:, 
v;i(uc for a glv<n quaniJty of UNA, bi addJdoo, 
IOC lohibilof would be diluted airuM^ wjOl ilu-. 
AAiofjIc in cbc UMMTU)n analysis 2), aiicring 
UlK Mpcctod c:^ viJuc chaj\gv. Raicb xainplc unv 
pJJf^cption yielded n alniiluf rcnili In me ttnaiysia, 
dcmonslriiiliT^ tbai this meiliod of KUtnpU prcp.i- 
ration is hifibJy re[ji<jducihlc wfib rcgord to 
jMupic pwxliy, 

Ouantitaffvc Analysis of a Pla^ijiid After 
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TokU 1. Raprodu<lfa&llly of S«mpUi Pr«|>arAttAn Mat^tod 



100 ng 



25 ng 



Samplo 



deviation 



cv c. 



ia.33 

18.52 

18,54 
18.67 

10 

18,2B 
18.36 

1$.4i 
U\7 

ifi,ifi 

18.42 



2 
2 
4 

5 
6 

; 
a 
9 
10 



1«,27 

ia.34 



0,06 
0.07 



ie^3 0,0^ 



1«74 0.2i 



18.&3 O.U 



1fi,29 0.1 



0.12 

0.1 r 



0.23 
1.20 

0.IS3 
Om^A 

0,90 



20.49 

2(iM 

20.S 

20.61 

20.59 

?n,4i 

20,54 

20.6 

20.49 

20.4A 

20.44 

20,36 
20.68 
20.87 
20.e3 

21.09 
21.04 
21.04 
20.67 
20,73 
^0.££ 
20,96 
20.Aa 

20-75 
50>I6 
20.S4 
20.-»fl 
20.79 
2078 
20.^3 



20,51 0,03 



0,11 



20.54 0.06 



20.41 O.OS 



0,1 3 



21.06 0,03 



20.66 0.04 



20,€6 0,12 



20..? 1 n.n7 



20.73 
20.€;6 



0.1 
0,1P 



0.17 

0.28 

0.26 
Q.61 

ni5 

0.2 

0.57 

0,32 

0.46 
0.9^ 



iot cxjiu;i]nin4* a punuil cUNA lor hnxu<in Atoiur 
viii, pi'BTU. A ^^cfivj ^'X Ufln::/cctK?iu wiis set 
\ij> u3ine a dccreaainft Amount «i" Lbc>pJasa'i{dl[40, 
4, a,*;, Artd o,l jitj;). 1\vt:niir*r<:jur htmrz ptm- 

ii vrtiur r<i<' iiormfllii^aihin ;iciJUink'. PNA con- 

|i-acrin rviic ctmicni snouid ranttln canMi^ni 
rdfiilvc tn roTdl jicjiuiiitc Una. Hjjun-wi xtiows Hic 
rcjigit of Ihe p-acrUi DNA mctt.wcmcm (lOO iig 
ioLflJ PNA dctcrminctl by uimvfolet jpettr^js- 
copy) o{ «5«.h *¥ii#i'W. Ka^ AAiMplc >nina Analysed 
in tripliratc and tne mean jr-aeiin values of 
the luplicates were plowed (nrror bm tcprt-svjiT 



bvh-^'^itwi ^"Y sAiiijila mooni: wax 0,1*5 C,^ "JX*n 
nunognnis of lota I DNA uf wJlch famjiio wqjhj alfio 
rxmulricil for 0««cUn. The lOllItJ OSiJ" sliowud 

Hw very sin iUar amoanU <U genomic 1>NA wore. 
prMtiiij flic nittximu/n mcun ^ actin 0^ >^*luv 
dtffvirijcc wa.^ 1 ,0, M l»l|;ofC 3 .ihowA, Miw ma of 
p..Jictltl Cp LiliuriKu l/^-lw/c^ii th« 300 and lO^jg 
siunplci >v«3 a/mlluT (.ilopc voJacs rangn Itcifw^^n 
:-i.5rt diiJ -3.45). Th;^ verifier agmn thtii ih't* 
mdho^l of iiftfuplg proiiotaUon yiekb of 
Jdcmlcal PCK intc^iry G,<u. no tampUj contained 
iin CXCCJtlvif ainuuut uf a VClX^ (nbibit^rj, TTow. 
ever, thc^c K xahs Indiaitfl ihai cwcli sample con 
Ulncd sLlijl»i Uiffvneiicet in th< >ct^iAl amount of 
^L'iiurnlc nNA ttun)yyxd. Octcmiltvirion of actual 
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l.d 1.4 lid 1^ t:r \ja 

I09 (ng inptu gonomic DiNA) 

Flgum 2 pre;p4r«ii^n f>ufity. 1 he nrplJcahi 

^•rtpfei ihown In Tabic 1 woro ^\so an^piinmi In 
tripfcaiQ using IS iig of trach DMA iari'^pio. The fi^- 
uir Ahfnvs rnpul ONA cOr^cc<ilrAlion (7 00 M{t<i 
>t np) v;, r, lA ihf. frfjufo, t>i<» iao nnW ^5 ng 
P^NiU for «ach (ample are connected by a Tine, 



l^yploUli-ig the mcnn (i-vstljf» O-j value obtained 
Hit t-iiuh 10a it^ iHm|.iJc uu j ^-ociln n5rtlii«i 

ONA coiicc*itro(liw> 43/ cocli suinplc. ^aJ! Oh 
Laiacci by cxirapOlflUon Ui the ^.iou*. 

JlormDllwcU) i|\TutiUlio ol' /«liJr VJll jiIo.htjUI 
ONA (jji'btm; i'j cim each* of the four transient cvlJ 
tri<«<^'frtC'(if#nfl. i'ittt'h rcoctJoa conlaiucJ J 00 Off of 
iQial samjilft una (ai dttcrnn'iuvl l>y UV i:pMvt*<>¥ 



25 



*1 




r 



1^ M 1-8 i.a 

fog (ng rrtpLll DMA) 



Figure 5 AOfllyslv of l(dOAfe<tcd ccJI PNA cjvanUly 
and pumv. ihc DNA prftparaflonK of Uic four 
C«]l trans4aion$ (40, 4, 0.5, and 0,1 »tg of pP«TM) 
were flfialyTtid fof the O-tctIn gene. 100 -jncl 1 0 ng 
(dGicfmined by uicravioiei spemucppjO^or each 
sample v/arc annptlfied in triplicdl«, For <ach 
amount of pf 6TM Htat was transfcctcd, the y-nct(n 
d values arp pinuH vpr.si/^ rhe Inpui DNA 



•Vc:r4 iivnjilili?atUtr»r. An oliown, pI'S'J'M i.A«r;ficU 
jf;oir.fbc 293 cells tl«uxiist«i; (mcnn C^ voJuei Jn- 
CtUi(/«i^J wUh ducr«a<ing amuuiUt nf ]>]:iMnld 
^tfuioUxlcd- Th« mean values oblDjnoil for 
fJhWM'Jn '\'\^iift 4A were pJuttcJ uu a tl^iiiU-jal 
t.ufvfr o<'Wprl.'<etl of i^viiaHy diluted pFKTM. 
shown ,tn PJpuw 411, TUu quanlHy tri piKj u, 
found in *»o<h of iHc fouf t fan Krocllonfi df- 
terminer hy cxfrapniaiion to tht* jr ot tJio 
ftiondvd t)Uf>^« In l^i^tiTC 4il. nmrtfl uncorrected 
valucjt* for pI^HTM wtsn' iKiriit}tU/4'rt 10 rteicr* 
nilrto Oie 3C(u>l imrtuiiit of pl'd'i'X'l AoitiU per TOO 
fiK <«f genomic ONA by iwliiR the cqoaHon:. 



UCUIal ptWM C-Opl&A ne/- 

J (K) ng <jf ijcnonuc l jnA 



wJioiQ u jictua) (ja/wnic IWA fn v jtampic and 
w pf'B'l'M co(7iC3 /rom Ihc stdudiux] CUTVC, 'Hie 

autmaJaxcii t^uariUty of pI'ft'l'M pcf lOO iifj of eco- 
nomic ONA fot c<t<:>i of tIic A.nir f rfin.i/ccUon.i I5 

qunniMy of factor Vlll pl;)KuilO «i*w»vJiiU'U vtiiti 
the Z^Z^ ttlla, Zt lir after irujUN<Vx*iu«i, ij<u.ic.isi:,s 
wmi ucL'rcH&Ui)! (jfHMnU) uJiK-ttnuacJou uied !i& 
the U3vwfcclk>"- 'Hii: quuiUUy of piWW ;imo<J- 
atcc rrJth 293 ccllj, (iftvr uun-ifccilon >v]\]i ^0 il^' 
or [Jiidwnid, was 35 pg per 100 {^vnoinlc DNA- 
Tliis fcitilrt In -520 j^JctdUild copio inr xvij. 



DfSCUSSJON 

We have dc5CxJbc() a now tucitujU /or qunr^nuw 

of PCK ampfjficatlrmx, RMl-limc PCK h Dimpat^ 
toic with GJtlUT of uic two KJ< (UT-TCR) ap- 

uucuiul wiiipcLlinr Xor cacft TargcT ^oi^Qcncv is 
tii'cd for nonujiJuadon (da la not ihowu) or (2) 
quBiiUiaitvc ccTmparadvcl'CiK UitJiiy m m« lUiiU-^A- 
riaii yeue coninincd within ihc sample (i.e., 3-ac- 
tin) «/ 9 '^houiKketfjjJjlj;" );cnfc far IVl-PCH. If 
equal aoxount^ of nucleic uad ere aaiily/wl f</r 
€acn wiliplo ami if the ampMfltcatfcjii vf/i\irncy 
htfore quanittntlve mmiyaia idcjiu'col for cndi 
?uiinpic, ifte iTireniai coniuii (i^ojiuiiUv^iHJti jjwu- 
or coii\pc;it{Jrt fihoilld f»fvc e^titaJ >«j5iki]$ for a 11 

riio fcaJ-time T'Cli moihwl offers sevvnii ad- 
vaiitfiRiis <rvcr flic oihcr two mcthw^ t:ur/cnily 
employed (^ce the IntrudurOon). Mrsi. Ihe real- 
time I'CK n^ettufd U fK-xfonncd in *• c^nsctl-lubc 
iysttiin iiud requires ju> ]vk\-]H:k nianlpuUiJon 
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Figure 4 annntlUlK/o anaJytij of pFBTM in iranslcCUid ocHi. <>4) A-n»unt of 
piaimid OMA uiod for iho u«n3<«ci!on ;:Hot;ocI afl.iirtst Um ittuwn C, vulue dettr- 
rnirt^d f«r pftrtM fcnrwJmrKT ^-f h|- gficr Ircnsfoctton. (0,Q 5lancfar<i o^nr, o< 
pl-PTM ^nci rwpccUvflly. pfriM PMA <fi) aiid ycnamfc DhW (Q weft 

dilutftd ^wlaily 1;S bc/Qr<*ampWIeaU<*o wJiHtl^n qppmpri«ic primers. The fl-actin 
»ton<iflrci cun/w waif Uiod la rmrnmlij-fl IK^ ^«ulb o(A lo 100 rijj Of qe/iomk ONA. 
(0)Tho amounl ol pPSTM prc5<rfil pc# 100 tig ciC Rcnomrc ONA, 



nf HAm^Ji; Tbcio^OfC flii« ]w)t^tMi^i1 f<u' TCH con- 
Umlnailwi in \hc lul-Hiriiiory jx'OiiCcU bccaUftC 
Ampiinii<i pjvt^uciK L-mi !«■ aualyyiKi dii'podect 
of wicljuui opcnin^^ \hv roktni^m lube?, SccumI, 
<hii ni<rt>wKl MippcfiLn Oic um: uf ;i nunmjl(»tloi3 
Rono (i,c., y-ddin) /or quantiUiivc PCR or Koua^*- 
Kvcplug genon for ijw^miSlntlvc HT-l'CK roniioU, 
Aiialysii h performed III real tunc aurln^ ibc Joji; 
phase of prod^d accumultilion. Analysis ^vnn^ 
)mh plwc pcnnil,i nt»ny <ll/^•Ic(U ^iciic* (ever « 
ytWc inpm tarfcrt ranj^r) lo t>c arifiJy^W aJniuiiA- 
nooiwly, withoui concern of reaching rwiiit^irt 
pl^twM ot<3i£fwcnt cycles. Itiia will ma);c imilll- 
^cne aodijrsis ajj«y, much c;wiv:i iv Ur.vc«OjX 
Cftuio Jn\li>'lJu«l uiicf«£ij LlJii*p^.(Uoj> will be 
ncc<lcd for cncli gene unOcr anoJyoU, Thlftl, 
*4mplc tlvcmdiput TviU ijuicd>c 0(tiiuiilK4iily 
wiih ihc new niolhod h<(CAuKc llu*i-c no p^wt-, 
rCi! pfPCCfWlnj lim«. AddHiojially. wniMiig in ix 
:)Ci-W(!ll fOmmC is lu(.lily ^.mnijutiijle vwHh avto- 

rue rvrtl-lniiL' l*Cft juclhcni ;s b?ithly icptv*- 
dvcibk. AcpMcaic. ampUflcations Citn bo ar.Hlyzcd 



for each vimple nOiiiinMng juMcnttoi cnxir, Tltw 
ny<Unu uWv^n iVt o very Jo/j:c y,ssay Uyn&ml*; 
raiiRc faiipioai'.hii)^ 1, 000,00(1- foi a i^innmi; lii- 
JtoO. UiitjiH ti filaiularj <njtvc £or 0>c larKt't Ol Ifi' 
tcfv#i, rvltttlvc c«(iy numijcr vaJuw uin be dcicf- 
nilnccl for any uliLiw^ji >jiifpK\ Hiuucsceni 
thrCflK'UI >rq}uo*, Cf, <aiirJair lMl(,-iirly WITH rela- 
tive 1>NA wpy nuJllbw. ttcAl lime ^uauiUnllvc 
R'r* I'<:ji mclhodofn^ (Clb,^n tn ol., Uiis ia&ut) 
«bo been developed, tUinUy^ icaI Uini: C|u,iii- 

qppIicQiIons fquantJlft^lvc flfcn<f On^nw&wyu (ICJ^ 
rCn). o^jy *iiP9ya (Mcf^, JJIV, ctC.)j fiCnO- 

typing (knockout iTicnisc tirmlyut), unci Imuiunw- 
rrjij. 

Uiml-tjinc PCW iTuy abo lie jKrrTonmrd tisin^ 

oiJvldiujn bromidt;. The fluomjiertc pTOf^e 
ma bod oifcTs j ma lor ;idvantA|*Q ovor inter- 
oalaiing dy<;j— ,grcotc< (^'^''* prim*-''^ 

dinivta iiiid noiisperinc PCJ^ prodvidfl Am not de^ 
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METHODS 

cDNA For Human F;»ctor Vlll 

TulHl UNA l\ti^rtcd i)St^/\t*A U r«im 'l>nVcif t>iti, 

*-Nj»«^iuM 'c<»o', iic:iaz.i4\<wu n^uni vi ni- ivaw dor- 

man ci at ivOO). A faaor vMl p:iriul dlNA w^iKftcV WAS 

/:i iu.T«^t<i \>y irr i'ai i<:t.ncAni> la rnu hn* KTl Vm 
^pen N6«ft-<n7«j, r£Ain>HftJ iJi\>5y«cin\ iHJ>*vt (^ty* t'-^w 
M>inf, the Hcu pouicfj J'ffw i*iiti i'*ucu i|tnii«'* wounirt-i 
utf shown bcJovv). *nu- aitipllcofj was leamplW'^J uMnc 

pna ^WIIJ rolflcilnn f^ri: «-qucnCM n' liiv ,V vi»flf 
dOftv^ Into fKim- 2Z (Vrvrin%a VAiq*,, Mv^noih Vt). Tlie 
«flullln/:c'«»>r, tiWTM, WW luvti tat troiuiviii irafulccilon 



Amplificailon of Target DNA ;iiuI Puuciion of 
AmpJicon Factor VHl I'UsiTi Id UNA 

<rr<uu;AA<*ALritJAiMiV'n'c.^xT and i-vri:v .i -AAACtrj' 

I5|i ia':lt |i/ch1iici. 'J'»ic (nfv<iir<l jirhm*r was ilv>iciiul ui Klv 

r<fjOoti of Uiu |r«j«iu pf;i^2.Vie£i> |itb:tiitU( (fnci ilnrfrfofc 
tUx/i iiMt ivt,ffi^uL«u ti'fJ 'rtiMjtllfjr tliv liuuivfi f<ic(iif VtU 
aun^'. Irrimr.ni *vvM diuNuu willi Hiv «jiil;'Mrr of ihc- COm- 
l>utcr pio)(rJi\» Qilifso (N.j<frmiil UUiadciim^ KiVm I'Jy- 
moutK, VdN). Thcluijnan (^-scilw wn.i Rmpliflcd vrllh 
Oyt piijucj* i)-«vi;M /t.rv^Anl jirfiucf *l^CAc<XJ/CA<7n;*r 
CCCCAK:rA<':C:A-3' an<l ^u^\n TLvcrjc iTilmci S'-iCAC^ 

oticca J avs rip iiCiiiiffiHuii- 
»«mpl?, JKx Wat Mufftf Jl [b fj), 200 jiM ilAlT, UCri'. 
(ICi'iT. >»00|i« dim\ A tr»M Mk<'-I,. UnlW AnipiJ 
7>ii/ DNa poiymexflK, (\5 Unit Aini>rj-u3C AifftCJi /V-jjiy- 

one of (In* foM«^»n </t''(v*'<i«'« |»*mIi4'j< (loo hm rpdiji,' 

n(:t;rr(rAX<iu>>, j' «ud p-a^nin urwLc r cTAMsATacxx:. 

XCJ'AMJU)CC:CCr-*TGCC;ATC|.-3' «lirrr p iWrtkaici 
pbAflplMiylAtion iirtd X tncdrmcA a linker (inu nuciwtUll' 
£ea<Uoii WW> WK:niArnp Opllcnt 'Uilwi (fVftri AUart- 
Vcr Mtf/»l 0<!>3\ iNn^Wai Ktnwx) liiat wuw ffyWixl (k\ ISfThiUr 
niniffi) if^-^-^wl llgM from /vClcctUi^* 'I'ubc caj)i wort 
ilnifU*" 1« MU'«vAni|» OpjIj IhU aprcfitjly dc,llAaC<^ *jO t»f C^- 
*v*i(vr^**((. Aij <•( KHi AifwtuiniihU't were euv** 

O^f. fucivr vai [rfiiMcra, t»1iIi.-1i wnr 5V>it1U'SlyrU ill GcilCii 
*«cU, Inc. (iVulb froMclico, CA>, IhroliCi" ^vxv dtoJ^nwl 
u«l4^g O10 OVfi:a ^.O .Miftwan:, rcill(.*ivijiK .C^lt()ci|iit<« siii:- 
itcsK'a in mc MoUcI 77f*<) .1e<iiicrt^c lK't<xi*ir tti.niiiiiivii( 
riiunual. ItricnV/ pruut* 'iv. vImhiUI fir itt Jcfljl STL IlltfVr 
in«n (Mr AMiii-uUnjt iriii|>^'J«><*^ U"^^** <lurlllli ^tn'ffniil cy- 

Ti*\i: vicniJAl «yc"Ji|i cuiiditUtiu In*-lutli3ij 2 lulii 



rc^citoiiK wore |)cifoniicOi Jn mn M(Vln( 770^i,Scqucncv IV 

AiU1» I't^ NyKlom POCK). Kci<:Uon cuiuI!i<uh« wcrv. pty^. 
ttTviimiVlt Ml* 4 l>\nvw f^inUwt* yiOCl (Apfilt r.'iLirn|tii«or, 

quoiu'u lV>loc*or. Ajr^lyvU *if daU tv^n uUu \u**<(\ft^vf\ tw 



TiansfeciSoa of CcIIj wIiK F»«or VIH G^nviruct 

J^lur TIJA riaSkSOf W.^J CCili XA lVS^ CSLh I57H). 1 human 

Itial UJcUicy ntfiK'Uftinn C9*i JUie« wva* grcwn 10 K<'l% con- 

hmmtit incdin'. hamt: wnncKii CUT, Ui«i 
itJucfisc JinJlKftHi'!f imjcii^irci I^flKJcincdjum (OMUM) wain 
flin ^Tyri«(i w(Oi flocflum biwfbimaic, itntt. ivt?! bnvtnc 

tiott. piVfM ftm<iunio «f ^0, 4, (LSf antlOJ jik wviv 

iiUttod (11 1.^ ml of n »oluOu>^ 4\>nulnln)i; 0,1 2a >t C-uO^^ 

flU/nUm^ few 1U ml«^ Vhvn mJ^U**! Hfttpwl^c- \r» d*c 

'II1C n«ik* ^^4- ;,Mv«i«u-j m.3?»C w Cx^i («r 34 hf. 

*tuhcd w;aj •••itl -*w*4*p<w*<iod Ifl lUl?. UwiK 

jK'iiJi!^ ce41) Vfcfo iltvUltfvl uUa* all M^kJ DXJA w«a (w- 
TTOC^Ctl finincdiulcly minrt UiuOJAjfi)|< (Q'^gmi, 
Oint^mntii. Tw^). DMA wiis cU.4k3 tnlr. 300 f^l of 2Q n.u 
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mciKods. Pcpddcs AENkor AEQKwcrc disaolvrd in welcT. madcUocotuc vath 
KaQ and dfluicd inco RPMl growth mcdiuiiL T-ceU-pioliferadon »mys kctc 
dotic eiacnlially 3s describcd«•^ Briefly, after mrigcn pulsing (30^Lgm^ 
rrcn wUh cecr.pcpudes (l-2msml-). PBMCs or EBV-B cdU were 
washed in PBS and fixed for 45 s in 0,05% gluuraldchydc Glycin* wa. added 
W a fin.l concentration of O.lM and th< c«ils were vrashed five dmcs in RPMl 
1640 medium conttinins 1% PCS before co-culiurc with T-ccU doncs in 
rcaad-bo«om microiitr€ pUtcs. After 48 h. the cuiuires vere pulsed 

wich I M-Ci of 'M-chymidinc and harvested for scindUation counDng 16 h Utcr. 
Predigeitionofttativc-rrCF was dQnebyincuhating200 TTCF with 0.25 

pig kidney kgumain in SOO jil 50 mM citrate buffos pH S J, for I h ai 37 'C 
Gtycopoptide digestions. The peptides HIDNEEDl. HlDN(N-6lu cosine) 
EEDl and HlDNESDl. which arc ba«d on the TTCF sequence, and 
QQQHIFGSNVrDC5GNFC1.FR(KKK). which is based on human ctansfcrnn. 
were obtained by custom syndvcsts. The three C-tcrminal lysine residues were 
added to the natural sequence to aid wlubUicy. The transferrin glycopcpude 
QQQHUrGSNVTDCSGNFaFR>^s prepared by cryptic (Promega) digestion 
of Smg reduced, carboxy-methylaltd human transferrin foflowcd by 
concanavalin A chromatography^*, Glycopcptides corresponding to.f«idu« 
622-642 and 421-452 were isolated by rcv« rse- phase H PLC and idenuficd by 
mass spectfomcttv and N-lcrminal sequencing. The lyophiiiicd tnnsfcmn- 
derived peptides were rcdissoWed in 50 mW sodium accttte. pH 5^, jOinM 
dithioiKreiwl 20% methanol Digestions were performed for 3 h at 30^ wuh 
5-50 mUml-' pig kidney legumain or B-ccU a£P- Products -ere analysed by 
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Fas Ugand (FasLT U/produced by activ^tcJ T cells and natund 
killer cells su^d it Induces apoptosis (prograjnmcd ceU death) in 
target cdls'throagh the death receptor Fas/Apol/CD95 (rcL I). 

HPU:orMAlDI-TOPn««spectxomc,tyu.iagama«« <,f Omgml a- -^J^^^"^^^ ^^^^f^J^^ ^ ,^OUr cclU'. Here we 
.y^oc;„n.«uc.dai.50%,cc.«nirrac/0..^TfA,nd3PcrS^uvcB.«^«^ q^-^m, ^^J^ ^^ s^ Jwe d^oy receptor, termed decoy 
EU« SIR specn.a.ct« set » -i---;— ^^^^^ ''^t \ 'c;!* (STh^t ^1^?, .o Fasild Jibi. P«L-induced 
di«tion was ob«m.dw,th.n>atra, on of 568.13 ma^umts. - r«^<T^^^ V^^^ ^^^^ ^^^^ ^^^^^ '^ttt^^^ijlJl 
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fof m«<ri»h sliuuld b* iddrc^d to C.w, ^.^.m4U: c-utoddundcc^tuW- 



prinuury lung and colon tumours studied, and DcR3 messenger 
UNA was expressed in maUgnani tissue. Thus, certain tumours 
may escape FasL-dependeni inunuue-cytoioxic attack by ocpres- 
suig a decoy receptor that blocks FasL 

By searching expressed sequence Ug (EST) databases, wc identi- 
fied a set of related ESTs that showed homology CO the tumour 
necrosis factor (TNF) receptor (TNFR) gene supcrfamil/. Using 
the overlapping sequence, we isoUted » previously unknown fuL- 
Icngch complementary DNA from hunian f«ia1 lung. We named the 
protein encoded by this cDNA decoy rsctptor 3 (DcR3) . The cDNa 
encodes a 300-amino-acid polypeptide that resembles members ol 
the TNPR family (Fig. la): the amino tenninus contains a leader 
sequence, which is followed by four tandan cysteinc-rich domain 
(CRDs). Like one other INFRhomologue. osieoprotegenn (OPG) . 
DcR3 lacks an apparent transmembrane sequence, which indicates 
that it may be a secreted, rather than i membrane-asscoaated 
molecule. We expressed a recombinant, bistidine-tagged foim of 
DcR3 in mammaUan cells; DcR3 was secracd into the cell culture 
medium, and migrated on polyaciylamide gels as a protem of 
relative molecular mass 35,000 (data not shovm). DcR3 sharei 
sequence identity in particular with Ol'G (31%) and TNTR.1 
(29%). and has relatively less homology with Fas (17%). All of 
the cysteines in the four CRDs of DcR3 .-md 01>G are conserved; 
however, the carboxT-tcrminal portion of DcR3 is 101 residues 

shorter . , . , 

We analysed expression of DcR3 mRNA in human tissues by 
northern blotting (Fig. lb). We detected a predominant l .l-kilobase 
transcript in fetal lung, brain, and Uvet, and in ^^f^^^ <=°[°^ 
and lung. In addition, wc observed relatively lugh DcR3 mRN\ 
expression in the human colon carcinom,! cell line SW480. 

To investigate potential ligand interactions of DcR3. wc generated 
a recombinant. Fc-tagged DcR3 protein. We tested binding of 
DcR3-Fc to human 293 cells transfected with mdmdual TNl- 
family Ugands. which are expressed as type 2 transmembrane 
proteins (these transmembrane proteins have their N termm Ji 
the cytosol) DcR3-Fc showed a agnilicint inctease in bmding to 
cells transfected with f asL' (Fig. 2a). but not to ««t«feCTed widi 
TNF^ ApoZUTRAlL". Apo3L/TWEAK»'. or OPGL/TBANCE/ 



RANKL"-'^ (data not shown). DcR3-Fc ''^"""P^"^*";^^^, 
?ilSm F«L-trM«fccced 293 cells (Fig. 2b) and P^f^^f^^ 
r I /ciT VI as did die Fc-tagged ectodomam of Fas but not 

soluble FasL forn,^ ^Jf^* "^dlaSc bold^^oS 
:.nalysis indicated that D'W-F'J-J Jas Fc ^ • 
FasL with a comparable ^f^"'^ /f^V" "'IT c, ..^^^ 
ll^OlnM. rcspeaivcly; Fig. 2e), and that DcR3-Fc couw 
iiU niSr;il of tlK binding of soluUe FasL to Fas-Fc (Fifi. 2e. 
InS -Sw DcR3 competes with Fas for biiiding to FasL 
^0 dSSiine whethe'bindine of DcR3 inhibits FasL acrra^we 
tesud t^^ffect of DcRS-Fc on apoptosis facuon by so ublc 

lot m«cMdIy^rtL but rather persisted for at least 24 hours 
friT) W also tested the effea of DcR3-Fc on acuvanon- 
ScS'ccU death (AICD) of mature T Ir-Pho^^";^^^"^; 



induction of apoptosis to a sinular extent. Thus. DcR3 binding 
blocks apoptosis induction by FasL. . p^„., 

F^sllduced apoptosis b important in elarunatwn of virus- 
iiaed^ells at«l chancer ceUs by natural killer cells cytotaxK T 
Smphocytes; an altcmative mechanism ntvoWes perform and 

mar^d ceU death in Jurkat T leukaemia cells (F.g. 3d). D=W-Fc^ 

Fas-Fc each reduced killing of arget cells from 
-30% half-maximal inhibition at -1 ».g.ri ^S.i|j^' 
Idmng was probably mediated by the P^f^^^i^f 
Thus DcR3 binding blocks FasL-dcpendcnt natu©^ Tqger ceU 
S^ityH^herDcJ-FcandFas-Fcconcentrad^^^^ 
to blodc natural killer cell activity compared >.?th:,rt^ .se ^qu^r*d to 
block soluble FasL activity, which is consiitent.,-with the greater 
po«!u^ or membrane-associated FasL^con.p^red with soluble 

the role of immune^c^^toxi^celU m etoin^on of 
tumour cells and the fact^tpoM can act as an f^^^^' 
t^Zc proposed that PtB3',^pt<ssion might contnbute to the 
l^Jlf Z^ tumdursW^-escape immune-cytotoxic atuclc As 
Sromic amplificarion Wently contributes - "^^^e^^'J 
Lvestieated whrtha the DcR3 gtac « ampUhed in cancer je 
S^edD.<;R3gen^-copynumberbyquandt.t.vepolymerasecha,n 



Be G V cfSIs I 
3l c c aI^v 7 



die I£ IKW TtQ CTF 
-CW31 



|a V R C V A 



ila E G S A 11 A 
ilL Q f V K a c 



? F A H A G 
U Y L £ T E 




b Mrf ffl Vector 
30-r— — 
22-^^— — 



102 103 10^ 
PE 

FasL 



ore 14fi IfijFl^AJ** s T 



!9 A S S 



X A' p'lflitt ru 



o O u " ,V (2 

ii: ^ ti; S 

£ ^ £ £ 1 - 



OPO 209 J 



pIv'a ?'b d is I »c R 

e!]a V^O.T'K r T 



151 



ijv 0 Ml 



SSAPKCWGPT-e, 
G TKv A e SV Ei 



42 
30 



Deal 24« Ai <; 



aAALQt-KLRXR 

aqHsaofiOTrQl 



p. L L 
IK K I 



g O O 



o 



00 
253 




lO-'l 10'' 
sFasL (nM) 




Fetal 



AduU 



Celt lino 



R«ur, , Primary structure and expression o' humar. OcP3. b. Allgnmam of me 

residues of OPG are net Shown. Tf^e putative Signal cleavage f « l^"^^ *'^ 
Totn b expression of OcR3mRNA.Non^emhyb.d.za,ior^3,,3,r...««3 do.^e 
us nfl mo Ocf^ eONA as a probe and b.o.s o. pcfytA)' RNA (Cion.ec . rom 
™ fe? and adul, .^.es or cncer csl, *nes P6U peripn.ra, blooc 
lymohocyiQ. 



Rcu™ 2 interaaion ot OcRS v^* FasL, a. »3 caJe were transfeeted wHh pRH 
! r Tw* .ncod.9 K-iMsnath Fast (bo«cm,. incubated w^^^^ 

w?hed.leHthoda;hed3nddoaed.U,«cver.MandanalyS«.dfarb.ndlng^ 
P^l si alan3Vsisshovv«dasi8ntfic3mOlm.rence^/'<0.OQ^)be^»een^^^^ 

^ rtt ! 0CR3-FC CO cells .ranefec^d with F«aL or pR«. PE. phycoerymrtn- 

c. Purified «lub.ePasL(sFasUwasin>n,uncprec.p«.edwimTNr^^^ 

Fc or F..-FC and visuaCzed by in,munob.ot wKh an<.-PasL em.bodj. sPasL wa^ 

.oaded direcTty for ecmpertson In vhe right-Oand Ijne d. Flsg^egsed sFasL was 

b ti^h 0CR3-^ or wim buffer and «.o-vec by gel "'-^^ 
lions were anaVeedi.anassayme,de.ec<stomp,e.ea^^^^^^^^ 
and SF3.L-Fla5. e. EQulHbriur. binding ol Ocfl:>-Fc or Fas-Fe « sFasL R.9 
insei. =or.po«non of Dcf^3-Fc wim Fas-Fc lO' olnd.ng to sFasL-RaS- 
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• rpm^" in'ienomic DNA from 35 primary lung «f ~lon 
reacuon (PGR) m genomic ^ ^ peripheral blood 

leukocytes (PBU) of 10 ^on"" ^^^g' fenc ^mpUficaoon. 

3^ 9 of 17 

ranging from 2- to l»-f<"<*^^^- Vi, three more, mdepcndent sets 
and'ysedthccolontamourDNAsv^Ad^^^^^ 

of DcR3-baied PCR pnmers and probes, we owenr 

same »«'Plifi«ri'^ftie°I,^Sri,,cs^^^^ in primary tumour 
v/e dien analysed DcR3 rnW^A f^^^"" Li ncR3 exprcs- 
cissue sections by hybrid«aaon^ ^ede^^^^ 
,ionin6outoflSlungo^o.rs^2^^^^^^^^^^ 
breast tumours and 1 "/^J-^^^^ J ^ ,1,,^ in 

SS5'iilS;:riocf e^S maHsnant eplthc. 
Fig. 4c DcR3 mRMA was locuu. . stroma, mdicatmg 

Uum. but was esseunally ^^^^^ 
n^mour-spedfic^pre^o^^thouj^^^^^ 

"'"S'^^'^ts^ hS^TdTaSr'esults are consistent with 
were different, the in sttu nyoria^ fi-Muendv in tumours. 

hybridation (««foU) C."' «°' ,d,«n,. to 
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.e mapped the human DcR3 ^^^J^^^^,^^^^^^ ' 
DcMshovedlinkaptomarkerAfK^^^^ ^ ^J^.^ 

chromosome pos«.on 20^1- ^^ done that 

artifici^^chromosome^AC)^^^^ 

carries DcR3. and sequenced "J;*"^ . ^^^^ twofold or 
determined, from the ^f'^^^^^^^^^ Z^^^ of <he DcR- 
ereaicr ampUfication of DcR3. the copy n^""° - y 




10 20 
Time (tl) 



.era incoba»d wUh Flag-taggad soiu«« ^^^^^J^!;;^^;^ 
poin..c.Fer.phere.b>oodTca,.s«ere» 

,o« by con.ro. (wNre bars) or ^'^'C^^^^^^'^^, f;;icM Fcjo^rnr'). 
Phoepha.e-buff.red saline (PBS), human '9^1 ^^^^^ rrc. 
A(teri6h apoptosisofCCK-ealiawssdeterminedCmeBri.S.e.m.D 

r oners . Per.pnera, biood ne.r. ^l^Jl^XZoZ 
^be„od iurua, ce.. in :n. presence o, OcM-Fc f '^J^J/^^^^^ 
circles, or human igGI (triangles), and targevceH death was detarm.nco 
release ot^'Cr (mean : S.d. for wo donors, each in inpucate). 



„8„„.GenomlC3mplit1c3tionotOcR3lhturnours.a.U,n8cance^^^^^^^^^^^ 

^ Ainh\\cf\ seven •;cuanious-C6tl carcinomas (n.e. 

(righO Show '"'^^^^^ blocdver.scl(V) and necrotic wmour«.sua 
Adiacem -^^-''a";"' iipi.flcauo. OcR3 compared w,th ampWca- 
IN, are also shown, d. '^''^^f "^1^^^^^ end fon«erd, Rev and FwdV M 
tlcn of neighbouring genomic raa-ons l""'*'^'^^^ ^.^^ 
Ocfi3.inWdmer);erTtSO.ando<herchrc~^-^^^^^^^^^ 

..rncrs snowing DcR3 ^-'>'^'=>^^<>'^ ''[^^^^^^^^ kc-s: 
experiments done In duplicate. Astensk inokste.P < 
comparing each marter with DcR3. 

701 
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±^'^dTkI (17%) or Dcia (19%); OPG foncuon* ^ a tWd 
for AP02L". Thus. DcR3 and OPG define a new subset of 
twlSnU? mcmbeis that function as secreted decoys to mod- 
i£ iSthat induce apoptosi*. Poxviruses produce soluble 
tSXoZ^ that neutralize specific TN^-famJr hgand. 
thereby modulating the antiviral immune response . Our resde 
S« Sar a sinXr mechanistic, namely, producnon of a soluble 
3ity «?4tor for FasL. may contribute to immune evasion b^ 
certain tumottrs. , 

„..b«s ^^SSn, -^3^S" ,rJ3«?0. . S 

Pbam-iceudwU: accession numbers 1339238. '^J'S"- ' 
,789372 and 2207027) showed siml^iry to 

Lrrned hunua cDNA Ub«ri= by PCR with primers b^.d on rcpon of 
^conscnius- foul lung ^ positive for a product of the cxpecied s«e. By 



IcG blodccd widi 2% B5 A. in PBS. DcR3-Pc or f as-Fc %«« »dd««i. Wlo-«d by 
,S^Uydau<cdFUB-..66«i«l"bleF«I. Bound lipu.dwasdc«eiedv,^^ 
Fhe anubody as abovt In A* comp.tidon a«ir. l=« -f c w« .mmobih.ed as 
Aovt. and eh. vdls were bloeked wirf» excess IgCl heinrr addituin of Hig- 
tagcedsohible FasL plus DcM-Fc. , wi-^ii „f 

Tiell AlCD. CD3' lymphocyte, were isolated from per.ph«J blood of 
Ld l^ donor, JlJ«.«i-CD3 magnetic beads (Miltenyi Biotech^ 
"^„Ucedwi*phyt0haenu>Bt">ini«<PH^^'^S">r')'or24h.a«dc^^ 
n^cpre,cac.oLterleukin.l(lOOUmr') forSdays IVeeDsw^ga^ 
wclls<Ud«itharxd.CD3andbody(Pha.m.nren,anda«dys.d^^^ 
16 h Uur by FaCS anjysu of mnodn-V-bindiag of CD* <^ ,J 
M Killer eall acdvtty. N.t.«l killer cdls were uolste/^0^ pa^phe^ 
blood of individud donors uang and-CDSfi inyiepe beads (MJl«y. 
B^l AdincubaredfortShwiO^'-CrW^^^ 
„.ca.B« ratio of Ul in the presence of De^-P^ f a.-Fc or hu.«n lgGl. 
?„m.cell dead, was determined by rd«se t^^^Cr in edector-targ r co- 
culLes .elative to release of "Cr by def^gent lys.. of equal numbers of laika. 
ells 

Ceo^mplltteatlon analysls.fweWl spedmeos were provided by I. lirn 

Qiaten) and the coqientrstion w« deienn.oed using Hoeehst dye 33258 
S^lionflu^or.in^WAntpUfica«o„wasd«er»i^ 
■ asineaB,MainWineat(ABll.-n>e method wa, v^Julatedbyecaipamonof 
"c^\„dLthet;hybridixaaond.tafortheMyca..dHW-2oncog^^^^^^^^ 
,of sh^w4 G«ie-specific primers and fluorogcruc ptobes we« designed on 
, . „ rSsi, 'of the sequence of DcR3 or of nearby region identified on » BaC 
loduct of the eipecied sue- By tne h ,],«naiivdy. primers and probes wre based 

ry^H^:;;o7t;7pC.:re«cr;t;dprobebascdo«theESU 

^ - potent^ alternative! jpli«d ^on 5un ^^^^^ ^ SHGC-:>626« (TIS9). .he nearot 



fDNA30942) ^ai identified. When Jcaiching for r - *j . . . (likcUhooa score = j.i;, -a*^-^. 

ot^of 0^3 that might encode a "--•"^""/"^^^'^sSlS ^ble marker which maps to -SOO kaoba.es fi.m TI60. and five eura 

„.„clcnes;thecodirigregionsofd.esedo„cswere.de„acal«.s^C^^^^^ ^Un^^,,..e,^o.cr:.10.r^I^^^-^^^^^^ 

die initial done (dau act shown). ..g^ ....r^.v s'.aTCaCGCCGGCACCaG-J and the 

Fc-fus..n prorein, (.n,munoadh«ln»). The "J^ 
ectodomain Of Fas or TOP Rl. was fused to the hinge^^d Ft reg«n of Iw 

1^1 expre^ed in inject SF9 cclb or i. humaf Wf^ell.. and punficd as 

t:^eetne.ac.v3t.d cell so«.n, V'^l>Xi.. V^--^-''^ 
r=!susingcalciumpho.phateorEffectene(Qiagen)wid,pRKSveetororpiaC5 

e^^Sl^lcn.t^KuIa„Fist,M;^g).to6ed,er-id.pRK5«lCod^ 
^6)1 prevent ccU d.caUu 7;rtir 16h. lh= cells were mcuhared w^d^ 
S«ed DCR3-FC or'f l*PRl-fc and then with phycoeryrhr,n.con,ugated 
.LZ^^^L(GibcoBk^SndwereassayedbyFACS.Theda.a-ere«^^^^ 
Sogoro4shun.o>'««'ical analysis. The. was some <lct««bk — 
TJ,.ui^i cells by DcU3-f. as these cdls -^^-^^J^'^^l 
not shoWri)'.:'.. ^ po««-bk thai DcR3 recogmied some other factor thar is 
mW«alVoi«titudv«ly on 293 cells. 

rSreeipiOtlon. Human 293 cdls were transfected « above, and 
Leuboa^ally hbelled ..th t»Sl.stcine and " 

Asnersham). After l6h of culture in the P^="=%»f ^'^'^.^''^Xl Fc 
a, medium was immunoprecipitaced with DcR3-Fc. tas-Fc or TOPRl-Fc 
(5«). foUowed by protdn A-Sepharose (RepUsen). The f'^r'^^,"^ 
resolved by SDS-PAGE and visualised on a phosphonmagcr (Fu,. BAS2000)^ 
Mtlii purified. Flas-taggcd soluble PasL (1 .g) W-., vos inc.W 
wid, ead> Fc-fusion protein (1 Hi Precipitated with P--" i^-^^J^"^;?; 
resolved by SDS-PAGE and visualised by immunoblomng -A rabbit ant, 

*2atiwi^bufLorwid.DdU-Fc(*0.g)forl.5hat24C.The.«c.on 

w«loadedo«,03Superd«200HK10/30coh.mn(Ph,rmaaa)andde^^^^^^^^^^ 

with PBS: 0.6-ml fractions were collected. The presence of DcR3-Fc-Fa.L 
cimplacincachf^acuonwas,ri.lys=dbypUcinglOO>.laliquots.ntom.^otiue 

wl precoated with anti-human IgG (Bo.hringer) to cap«re DcRJ-F. 
;twXdetectionw.rhbiotmylatedanti.F1as.ntibcdyBioM2(^^^^ 

streptavldin-horseradish peroxidase (Asncrsham). "'7; 
indicated anapparentrd«tivemolcculaimsssofdv=eomplcxof420K(data not 

s5«w„l.whichTsco«sistcntwith,stoiduome«ycftwoDcIU-Fchomod.m=rs 
to two soluble FisL homotrimers. 

CquilibHum binding analysis. Microtiue wdU were coated -.di ant-human 



iviilab e marker wmcn n^pa w — ■ ,^ . . 

J!J^rs d,«spandiro«osome20.The DcR3.,pedficprima«qu^ces w«e 

rScTTCGCGCACGCTGO' and s'-ATCaCGCCGGCACCaG-J and th= 
L^SSesc^uencewasS'-tFAM-ACACGAfGCGTCaCCAAG^^^ 

AAp-(TAMARA). where FAM is S'-fluoresCein Pl^.'P^,'™""'."^^'^;'^ 
genc-copy numbos were derived using Oie foc«iula 2<^ . ACT the 
ditoence in amplification cydes required to d,,et.x UcR3 « penphcral blood 
lymphocyte DNA compared to tesiDNA. 

lUcclinl 1< St pamM; KUfUi i Ho'cmbcf i*)t. , 

, iirwrisLt-t^-^^^^^^^ 

i Ptoniea D. tf Huimn W"««« P"*"*" "f 

s. ;7rrH?:;riS'.Tr^^^^ 
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Crystal structure of the 
ATP-binding subunit 
of an ABC transporter 

U-WeJ Hung-. Iris Xiaoyan Wangt. Kahiko NlKaidot, 
PelSi Llut. Glovanna Ferro-Luzzi Amest & Sung-Hou K.m , 

BeHteby. Califorma 94720. USA 

ABC txawponcr* (also known as traffic ATPases) form a large ., 

The reccndy completed ^-^^'^j^ "''J^^ 
leqaencc revealed that the largest famUy of P^°Eo«^f^ 
osteins U composed of ABC tnnsporterr. ^^.g^""^ 
J^ouS: of n^edLa significance belong CO ^^^^^ 
L cystic fibrosU canmiembrane conductaiiceyep^tor (CFTW. 
the P-glycoprotein (or multidrus-resistancc,;.rotem) and Ac 
hTterolimeric transporter assocuwed,'vrity.anUsen p^ees3«fi 
TpZ). Here we report the cryStaEstructure at 1.5 Aresolu- 
2 ofS the ATP-bbiding s'.W of *c histi<Jne_pc^e^. 
Xh is an ABC tnmsporter Jirom S-ln.o«Hfl o^k.munum. We 
lorSaw Ae deuuls of Su structure with the biochemical geneuc 
InrWophysical properties of the wUd-type and severd mutant 
SSp prSrthe slucture provides a bods for undersnmdmg 
p^pSs of ABC transporters aivd of defective cm protem^ 
'XTahspStters con«in four struoural <^--^^J-'J^^^^ 
ride-bindSig domains (NBDs). which are highly conserved 
htShbut' ihe family, and two transmembrane doma.r^ . Jn 
4Sjtes these domains are often separate sabuniis whuh arc 

LeSd into a ^^^^^^^'l^^^^^ 
domains arc generaUy fvised mto a single poiypc,. 

periplasmic histidine permease of S. 

weU-charact«lzed ABC transporter that is a good "^^del for this 
supcrfomily.Itcowists of a membtanc-bound cairplex HisQKfP,. 
Xch comprises integr3lmembranesubunits,H«Qan<lH^.-^ 
two copies of HisP, the ATP-binding subumt. HisP which has 
^pSies intermediate between those of integral ^"^P^P^j' 
membrane proteins', is accessible from both sides of the membrane 
Tr^Sly by its interaction with HisQ and HisM*. The two H«P 
suwS form a dimer. as shown by their coopcrauMty m ATP 
M^is^. the requirement for both subunits co be present for 
aJtivit/. and the formation ofa HisP dimcr upon chemical cross- 
?S Soluble HisP also forms a dimct'. HisP has been purified 
a^Sharactcrized in an active soluble forrn^' which can be recon- 
stituted into a fiiUy active membrane-bound comp cr. 
T= 0^ dtap'c of die crystal structure of the HxsP mono'n^ . 
that of an *L' with two thick arms (arm I and arm U). the Al H 
Sing pocket is near the end of arm I (Fig- D- A f -f ^<!«ij: 
"heet (L and pS-P 12) spans both arms of the L. with a domam of a 
iTlus 3-trpe ^-tricrure (31, 32. P4-37. al and a2 on one s^ 
Twidiin arm I) and a domain of mostly a-helices (a3-«9) on the 




H19 




fi,u™ 1 Cystal STTucture o( HlsP. a Vmw of th. tH™, along an ax^s 
parpandlculartol<sr.Mcldaxis.TnelooandtOttomo.Thedlnne,erasa^^^^^^^^^^^^ 

I L towards the perto.asmic and cytoplasmic side., raspec^vely (see .9,a 

;e^cle3SO.arn,,n.a.o.t«A.co.pa.,=^i=-tc.n,e^^^^^^^^ 

arashowninof«ng8andp.shee«,n9,«.n.b.\Aew alone ^^e^«o-folda.l8^^^^^^^ 

HiaPdlmenshowina the ^laOv^d,sp.ac«mom of <Me monomers no^^^^^^^ 

. Thep.s.randea.<^edim6ri™arfacearelace.ted '-'"''r^,^ '^^'^ 

,.e boL of otm ae snown ,n . u>..rda arn> «. ahow ng 

ccckat a-e. Th« protein and me bound ATP are m "nboen and ba.i^n<J-^k 

c The^a figure, wore prapared K/lOUSCfllPT". N. amino larmlno.. C C 

termlnuB. 
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MOVFT APPROACH TO QUANTITATIVE POLYMERASE CHAIN REACTION USING 
RE^T^^ DE^C^^^^^^ TO ™ DETECTION OF GENE 

AMPLIFICATION IN BREAST CANCER 

B.ECHEU Martme^uv,.. MaricHaenc CH.MPEME^ Dominique VmAUo' Ro«ne L«^«.U^ and Michel Vm^UO- 
»ifl6orawi« d-Oncogen&tique. Centre Rene Huguenin. Si-Ctoud. France 



Gene amplificaxion is a common event in the pr ogrestlon of 
human eaniers, and ampUfled oncogenes h**;? *own to 
have diagnostic, prognostic and therapeutic relevance. A 
kineiie quafllitativc polymerase-chain^eaeuon (PC« mwhod, 
^r^ed <5. fluorescent TaqMan methodology 'i^^' X'a"oabte 
ment (ABI Pritm 7700 Sequence Detection System) capable 
of measuring fluorweence In real-time, wa» used W quantl^ 
ge^ amplification in tumor DNA. Reaction, ara *a,-acter- 
fzTd by the point during cycling when PGR amplification „ «.« 
n the cxpbncrtial phase, rather than the J"'"""* «' ^fR 
product accumulated after a fixed number of cycles. None o 
Ke reaction components is limited during t^c «ponent.a 
phase, moaning that values are highly •■-pro^uc.ble .n reac^ 
ilons starting with the same copy number. This grcaUy 
'mCrov« thi precision of DNA q"»S^^fi=**''"\J"h,n^^' 
real-time PGR does not require post-PCR sample handUng. 
I^ereby preventing potential PCR-produ« ^^n-^^^^ !^ 
wminalion; it possesses a «.lde dynamic range oM»»"'^^^^^^^ 
tion and results in much faster and higher sample thrtJughpujL 
The real-time PGR method, was used to develop »''<"?'«J?« 
a simple and rapid assay for the detection and quanffication 
of thT 3 most frequently amplified g«nes ''^'Sj 
aroet) in breast tumors. Extra copies of 
were observed In 10. 23 and 15%. respectively, of 108 breast- 
tumor DNA; the largest observed numbers of gene copies 
wo^r* 6. 18.6 and IS^I. respectively. Thes* resulU correlated 
well with those of Southern blotting. The use of this new 
Temi-^uVomated technique will '-'^^r^!^':^^ .^T^^Xl 
human cancers simpler and mora ""fj^""'!; ? 

broad applications In clinical and research seibngs. Int. L 
Cancor 78:661-666. 1998. 
O I99S mley-Liss. Inc. 



Gene amplification plays an important role in the pathogenesis 
of various solid nunors. including bteast cancer, probably because 
over-expression of die amplified tatget genes confers a selective 
advantage. The first technique used to detect genomic amphficauon 
was cytogenetic analysis. Amplification of several chromosome 
rccions. visualiad cither as extrachromosomal double mmutes 
(dmins) or as integrated homogeneously sraimng regions (MSRsj, 
arc among the main visible cytosenctic abnormalities m breast 
wmon. Other techniques such as comparative genomic hyUridiM- 
tion (CGH) (Kallioniemi « aL 1 994) have also been used in broad 
searches for regions of increased DNA copy numbcre m tumor 
cells and have revealed some 20 amplified chromosome regions in 
breast tumora. Posii.oual cloning clTorts are underv^y to idcnufy 
the critical gene(s) in each amplified region. To date, S^es known 
to be amplified frequently iu breast cancers mclude myc \W-'^). 
ccndi (llqU), and er6B2(l7ql2-q2l)(for review, seeBiecheand 
Lidereau. 1995). 

Amplifiealion of the myc. ccndl. and er6B2 pnjto-oncpg«ies 
should have clinical relevance in breast cancer, swce independent 
studies have shown that these alterations can be used « '^^n^V 
sub-populations with a worse P«gno"» " , Mll\ 

Schuuring « oL 1992; Slamon « aL 1987 . Muss er a . (1994) 
Bufigesled that these gene alterations may also be useful for the 
prediction and as.sessment of the efficacy of adjuvant chemotherapy 
and hormone therapy. 

Hovcver published rcsolis diverge boih in terms of the fre- 
Qucney of these alterations and ihcir cUnical value. For instance, 
over500 studies in 10 years have failed to reJoWc the controversy 



surrounding Ae link suggested by Slamon «/ aL (1987) between 
erfrB2 amplification and disease progression. These discrepancies 
are partly due to the clinical, histological and ethnic heterogweity 
of breast cancer, but technical coosidcniuoiu are also probably 
involved. 

Specific genes (DNA) were initioUy tjuantificd m wmor cells by 
meaiis of blonins procedures such as Southern and dot blotting 
These batch techniques require large amounts of DNA (i-iu 
UE/reaction) to yield reliable quantitanve results. FurthennoTe; 
meticulous care is required « all Stag" 'if/hc ^'^i^^L^ 
generate blots of 5ufficicnl quality for rdiablc dosage mOy^^^ 
Recently. PCR has proven to be a powciftil u>ol for quanctanvc 
DNA analysis, especially widi minimal siamoB quantities of tumor 
samples (small, early-stage tumors and fomialin-fixed, paraffin- 
embedded tissues). 

Quantitative PCR can be performed by evaluating the amount of 
product either after a given number of cycles (end-point quantum- 
dve PCR) or after a varying number of cycles dunng the 
exponcniial phase (kinetic quantitative PCR). In the first ca*e an 
internal Standard distinct firom the target molecule is required to 
ascertain PCR efficiency. The method is relatively easy but impUcs 
generating, quantifying and storing an inlcmal standard for each 
gene smdied. Nevertheless, it ia the most freqiicnUy applied 
method to date. 

One of the major advantages of the Icineijc method is its rapittaty 
in quantifying anew gene, since no internal standard is required(an 
external standard curve is suCBcicm). Moreover, the tanctic method 
has a wide dynamic range (at least 5 orders of magmiudc). givmg 
an accurate value for samples differing in their copy nuniber. 
Uafortunitely, die method is cumbersome and has therefore been 
rarely used: It involves aliquot sampling of each assay m« at 
regular intcr/als and quantifying, for each idiquot, the amplifica- 
tion product Interest in the kinetic method has been snmulated by a 
novel approach using fluorescent TaqMan methodology and a new 
instnimeS^t (ABI Prism 7700 Sequence Detection Sys«m) wpable 
of measuring fluorescence in real time (Gibson era.. 1996. Heid « 
at 1996) Tlie TaqMan reaction is based on die 5 nuclease assay 
Sst descriSd byVland « ol (1991). The laita i^es the 
nuclease activity of Taq polymerase to cleave a speafic fluorogcnic 
oliconucleotide probe during the CKiension phase of PCR. The 
approach uses dual-labeled fluorogenic ''y^^'lji^'"? .'^"^ 
ei aL 1993). One fluorescent dye, co-valcntly hnked to the S end 
of the oligonucleotide, serves as a reporter ffAM (t e.. 6-caibo^- 
fluorescein)] and its emission spectrum is quenched by a second 
fluorescent dye. TAMRA (i.e.. 6-carboxy-teiramethyl-rhodan^e) 
attached to the 3' end. During the extei\sion phase of the PCR 
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. . .V difficiiU to isscss Wo therefore 
termed "N". and is detertnincd as follovvs: 



5'-3' nuclcolyac activity oi ur-/^ P"'/"'-'-" - fluorcsc«nce 

of the probe rc)eas«J^e qu«cb..e ^ 
emission, resulting m .'"//t'^ jivid^ the emission 

The fluorescence s.gnal .s "^Sl^^^^J^Sfyin^^^on 
i„r«,siryo therepo.^rdyc (FA^^^^^ included in 

reference dye (le.. ROX, ^-^V^^^y ^ jj_ (noimalized 
T«,Man buffer, to «b"m . 

rtponcT) for a given rcacaon '"^f™,'*^. wells of the thermal 

IS real-time PCR method off=« r^Hjl,'^ 
cuiem quai^titative PCR ^^'>^lJ^'^''^:^!'2t^;ilr 
probc-bMcd homogeneous SF^';;.^^^'^ hybri- 

measutemenis. in which a sl>j^ ^'^"T r^* rt^ of C, 

STluive a drasUc effect on 0,* P^^^^dSs ofmagn^ 

samples. 

MATERUl. AND METHODS 

Tlimor and blood samples 

Samplcswereob^nedf^mlOJP^^^^ 
surgically from pit.ents at *c = i^edi- 
patients had undergone radiotherapy " Xxami 

Lly after surgery, tbe "J^T^" ^^"j£^!:^h^WA Pati^^^ 
nitrocen until extraction of high-molecuur-wcvgm i/. 

re^nciudcdintluss^dy-f*^^^ 

a^rA^^o^dfamT- ''^^^ 

pauents- ^^^^^j leukocytes 

DNA was extracted from tumor tissue m^u w 
according to standard methods. 



'trir^'f -eacjions - ch.«ct^^^^^^ 

during cycling '^^^J^^'^'^'Z jX S'dSo^^^ 
detected, ntherthan by *e ^"^"^ 
after a fixed number 01 cycles. The hightf the »tan.^^^ py 

of the genomic DNA target, the earlier > "puficMU mere 

fluorescence is observed. The P«^«7, 

defined as the fractional cycle ""'n^"*.*! Xed ihreshold above 

baseline. The urgct Se^e =°Py "T" j j s^u,dard cur«e to 
quantified by measunng C, '^'^^>f 'if,* ' isc amount of 
determine the starting copy ""f ?J*""uy (,> Uck 

genomic DNA (based on opucal density) and its quality U-*.. 



eopy number cf target cene {^pp. «nj'C. ccndl. ertBZ) 
N = copy number of reference gene {alb) 

consumables. ^^^J^^^^^^ rTfNatiotul Biosciences. Ply- 

Ss(PeAin-ElmerAppliedBiosystc.«s, F"^' C^^' 

frimers were purchased from DNAgency (Mnlvem. PA) and 
nrobesftxjmPerkin-EltncT Applied BiosysteraR. 

NSeTtide sequences for the oligonucl«o«de hyhndizauon 
probes and primers are available on request. 
' The UqMan PCR Core reagent kiU MicroAmp op"«l ^j^- 
anlNlicroAmp caps v^re from Peridn-EImer Applied Biosy terns 
ana i in-iu™. v r ifinetic method requires a 

"^^^i'^TthcTrwrcoI^^uXith serial dilutions of 
standard curve. The latter was consuuw 

specific f Proju- -^^^^^^ • 
ptacuce. each spcwhcPCK proa (Boehringer, Mannheim, 

„S of a standard human g<momic D^a ^^^ J-^ 
Germany) with ihe S'^«P^'7^cR products were purified 
"^"'';:^eaT400 S Sumns Ssn^acia. Upps/a. Swe- 

Sum bromide to check their qudity. The P^^J^^'JJJ 

quandfied spectrophotometrical y aiid P'-o'^^. ""'J 
I«?l0-foldinmot«c5^^^^^^ 

aliquotedaiid stored at -80«CuntUu6c. 
Tw. «.nriArd curve was validated by analyzing 2 known 

\A MJTV 5 mMMeGi, units of AinphTaq Cold, 0.5 units oi 
^ipS u2aS^^^ (UNG), 200 M each pn^^er and 
Ainptrase un^ .LVmJ cvclint: comt lions comprised 2 min at 

95»C^r IS s^d 65'C for 1 min- Each assay included: a st^^ 
utve Som 10' to 10^ copies) in duplicate, » -^^SP'^J^^^^^^^ 
20 ng and 50 rvg of calibrator human genomic Ol^f^g^^S") in 
a^s^^^boJ^Ong^^^^ 

AU^cactions were performed in the aBI Prism 7700 Sequence 
DetlTsy^um (P«kin-Elmer ^PPUcd B.o.y««^). -^ich 
detects the signal from the fluorogcnic probe dunag PGR. 
acretu b j,,.rriiin The 7700 System has a 

Equipment /or rtal-time 'f^^^ 

r;L«1.3» C J ,h.- >u«,«g =™y •»= 

samples. 
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higher lUan 2 were considered w be ajtipitflc<3. 

RESULTS 

To validate the mcdwi real-time PGR was pcrfonned on 

been found in breast tumors (KalUon.emi et ■ '^S*)- J;^^ 
rtW^ diso,nic gene w« the »Ibmnin gene (-(6. chromosome 
4qll-ql3). 



Validation of the standard curve and dynamic range 
ofreaMme PCIt , . „ 

The standard curve was consmictad from PCTl produce scnally 
diluted in genomic mouse DNA « a constaiu °f 
2 nViU. It should be noted that the 5 pnmcr pairs " .^f^'y" 
*e S uni« eencs do not amplify ^tMmc mouse DMA (d^ not 
S^inTf ig^ Uhows the «al-time PCR standard curve for the 
irSnc T^c dynanuc range was wide (a. le^ 4 oje« of 
^ugSwde). with samples containing « as 10* copies or as 
many as 10' copies. 

Copy-number rado of (he 2 reference genes (ipp albj 

^ opp 10 alb copy-number rado was 
leukocy^ DNA sanlples and all 108 pruraty lueast-tumor DNA 
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samples. We selected these 2 gcncs because *cy >o«Kd in 2 
cCno.ome regions {app. 21q2l.2; alb. 4ql 1^13) « wtuch ao 
obvious generic changes (including gains '<»s«) have b<»n 
Observed in breast cancers (K^illioniemi '>'<^^-^^^^.'^^l 
the 18 normal leukocyr* DNA Jampte fell benj^n ^-^J?^};^ 
fmean 1.02 0.21). and was similar for the 108 pnmaiy brcasi- 
S DWA saniples (0.6 to 1.6. mean 1.06 ± 0.25). eonfimu^ 
that a/6 and ap^ are appropriaic reference '1}S°«"'"= S"" 
brcast-mmor DMA. The low jange of che ratios also confinned ihw 
the nucleotide sequences chosen for the pnmers and probes wwc 
not polymorphic, as mismatches of their pruivcis or probes w.th the 
subnet's DNA would have resulted in diffcrenaal amplification. 

myc. ccndl and erbfiP gene dos« in normal leukocyte DM 

To determine the cut-off point for gene amplification in breast- 
cancer tissue. 18 normal leukocyte DNA »n>ples «^^d for 
the gene dose (N). calculated as described .n Matena^ attd 
Methods". The N value of these samp'f «°66d 0-- « ^-f 
(nLn 0.84 = 0.22) for myc. 0.7 to 1.6 (meaii 1.06 = 0.23) for 
Sand 0.6 to 1.3 (mean 0.91 1 0.19) for cr6B2 SmecN values 
for wye. ccndl and ir*B2 in normal leukocyte DNA consistent y 
fell between 0.5 and 1.6. values of 2 or more were considered to 
represent gene amplification in mmorDN.A. 
myc. ccndl and erb£2 gene dose in bnast-tumor DlfA 

myc. ccndl and er6B2 gene copy numbers ill the 108 prunary 
bteasi tumors are reported io Table 1. Ex<ra cop.es of c^/ wctc 
more frequent (23%, 25/108) than «tra copies of (15/. 
16/108) and myc (10%. IIAOS). and ranged ftom 2 to 18.6 for 
ccndl 2 to IS I for er6B2, and only 2 to 4.6 for the myc gene. 
Fimif^ 2 and Table II represent tumors in which the ccnrfi gene »^ 
amplified 16-fold (T145). 6-fold (T133) and non-an^jhfied (T118). 
Th- 3 icnes were never found to be co-amplified m the same wmor 
er6B2 and ccndl were co-emplified in only 3 cases, wye and caidi 
in 2 cases and myc and «r6B2 in 1 case. This favors the hypothesis 
that gene amplifications are independent events in brt^t cancer 
Interfstingly. 5 tumors sho*ed a decrease of at least 50% m Ac 
er6B2 copy number (N < 0.5). suggcstmg that they bore deletions 
of the 17C|21 region (the site of «^6B2). No such decrease m copy 
number was observed with the other 2 proto-oocogcnes. 
Conipari/ofl ofgtnt dose determined by real-time quantitative 
PCR and Southern-hlot analysit 

Southern-blot analysis of «yc. caidl and erbBl amplifications 
had previously been done on tlie same 1 08 primary breast tanors. A 
perfect correlation between the results of real-time PGR and 
Southen* blot was obtained for tumors with high copy nura^s 
(N 2: 5). However, there were cases (1 myc. 6 ccndl and 4 eroai) 
•m which real-time PCR showed gene omplifvcation whereas 
Southem-blot did not. but these were mainly cases w,th low extra 
copy numbers (N from 2 to 2.9). 

DISCUSSION 

TlK clinical applications of gen* amplification assays are 
currently limited, but would cenainly increase i fa simple, sundard- 
izcd and rapid meOiod were perfected. Gene ampUficanon stahis 
has been studied mainly by means of Southern blotting, but this 
method is not sensitive enoufih to delect low-lcvel gene ampURca- 
lion nor accurate enough to quantify the fijll range of amplificanon 
values. Souihens blotting is also time-consummg, uses radioactive 



TA»i.e 1 - 0ISTOBI.IT10N OF ^MPLlf IC^TION LfiVELM fOR i-/c 
AKO triDJ GENES IN 101 HUMAN aitfc■^ST•rtJMO^^S 



Ccnc 



Amplitoiian Icvtl (X) 



<0S 



0.5-1, 9 



2-A.9 



*5 



myc 

ccndl 

erbSl 



0 
0 

5('i.6°/0 



97 (89.8%) 
S3 (76.9%) 
87 (80.6%) 



11(10.2%) 
17 (15.7%) 
8 (7.4%) 



0 

8(7.4%) 
8 (7.4%) 



teagcnts and requires relatively large amounts ol high-quality 
eawmic DNA. which means it cannot be usod rounnely m many 
kboratorics. An amplification step is therefore required to deter- 
mine the copy number of a given «ig<i gene from minimal 
quantities of tumor DNA (small early-stage lumois. cytopuncture 
specimens or formalin-fixed. paraiBn-embcdded iissues). 

In this snidy. we validated a PCR mcUiod developed fbr the 
quantification of gene over-reprcscntution in nrniors. The method^ 
based on real-time analysis of PCR ampUfic.it.on, has several 
advantages over other PCR-based quantitative assays such as 
^mpeudve quantitative PCR (Celi era/., 19M). First, the real-time 
PCR metfiod is performed m a closed-tube syJtem. avoiding the 
risk of contamination by amplified pwducis. Rc-ampIification of 
carryover PGR products in subsequent expcnmems can dso be 
prevented by using the enzyme uracil N-glycosylase (UKG 
fLonKo et al.. 1990). The second advantage is the simplicity and 
rapi<^ty of sample analysis, since no post-POt manipulations are 
required. Our results show that the auionuitcd method is reliable 
We found it possible to deustwine. in triplicate, the number ot 
copies of a target gene in more than lOO tumors per day. Third. *e 
system has a linear dynamic range of at least 4 orders of magmmde. 
meaning thai samples do not have to contain .:qual siarang amomas 
of DNA This technique should ihercfore be suitable for analyzing 
formalin-fixed, paraffin-embedded tissaes. 1-ourth, and above alU 
real-lime PCR makes DNA quantification much more precise and 
reproducible, since it is based on C, values rather than cnf-pomt 
measurement of the amount of accumulated PCR product. Indeed 
the ABI Prism TJOO Sequence Detection System enables Q to be 
calculated when PCR amplification is still in the exponential phase 
and when none of the reaction components is rate-limiting. The 
wiihin-nm CV of the C value for caUbratnr human DNA (5 
replicates) was always below 5%. and the bciween-assay precisiOT 
in S different nms was always below 10% (data cot shown). In 
addition, the use of a standard curve is not absolutely necessaor. 
since the copy number can be determined simply by coiTganng the 
C ratio of the target gene vi^th that of reference gencs. The results 
obtained by the 2 methods (with and witiiout u standard cuive) are 
similar in our experiments (data not shown). Moreover, unlike 
corapetittve quantitative PCR. real-time PCR does not requi« an 
intenial control (the design and storage of uilemol controls and the 
validation of thdr amplification efficiency is labonous). 

The only potential disavaneage of .-eal-tim* PCR like all other 
PCR-bascd methods and soUd-mattix blotimg techniques (South- 
em blots end dot blots) is that is cannot avoid dilution aitifaas 
inhcrem in the extraction of DNA firom tumor cells containwi m 
heterogeneous tissue specimens. Only PI-SH and immunohistochcnj- 
istry cL measure alterations on a cell-by-cell basis (Paulem « tiL. 
1996- Slamon et ai. 1989). However. FISH requires expensive 
equipment and trained personnel and is also time-consummg. 
Moreover, FISH does not assess expression and iherefore 
cannot detect cases in which the gene produci is over-e.-tpressed m 
the absence of gene amplification, which w.U be possible m the 
future by real-time quantitative RT-PCR. Immunohistochcraistry .s 
subject to considerable variations in the hands of different teams, 
owing to alterations of target proteins during the Procedure, Ae 
diffc^i primao- antibodies and fixation methods used and the 
criteria used to define positive staining. 

The results of this smdy are in agn:emenl with those reported m 
the literature. (0 Chromosome regions 4qll-ql3 and ilafll.l 
(which bear alh and app. respecrively)^ showed no g™=^« 
aiions in the breast-cancer samples smdied here, m keeping »ath 
r^sScs of CGH (Kallioniemi « aL im. («) We found that 
amplifications of these 3 oncogenes were '""P'^'^f ^ 
reported by other teams (Bents e, al.. 1992; Bor? « at 1992). (».) 
The frequency and degree ofmyc amplificauon in our breast tumor 
DNA series wctc lower than those of ccndl and er6B2 ainp ifica- 
Son confiling the findings of Borg et ol. ( 1 992) aiid Cout^al « c./. 
(1997) (iv) The maxima of ccndl snd o*B2 over-reprcscntabon 
were 18-fold and IS-fold. also in keeping wuh earhcr results (about 
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Cycle 



CCNDI 



ALB 



Tumor 
T118 
T133 
T145 



Oj Copy number 
27.3 4605 
23.2 61659 
22.1 125892 



Copy number 
26.5 4365 
25.2 
25.6 



10092 
7762 



30-fold maximum) (Berns ei at 1 992; Borg « a/ 1992; Coupal « 
al 1997). (v) The er*B2 copy numbers obtained with real-time 
PGR were in good aereement with data obtained with other 
quauiiutive PCR-bascd assays in tcnns of *c fi;=q"ency ^ 
degrc=oramplification(An«a/.. 1995; Deng rtot. l996;Va!eton 



et al ■ 1996) Our results also cotrclate well with those recently 
published by Gelmini et al. (1997). who used Uie TaqMan sysUim to 
measure erfcB2 ampUfication in a small scnes of breast tumors 
(n = 25) but witfi an instnuncnt (LS-508 luramescence spectrom- 
eter. Perkin-Elmer Applied Biosystcms) which only allows end- 
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TABLE U - EXAMPLES OF onrf/ GENE DOSaCB RESULTS 
FROM 3 GR£aST TUMORS" 



TumoT 


Copy 
nufflbof ' 


MC0A 


so 


Cum 
number 




so 


}iccndUaIb 


TUB 


4525 






4223 






1-06 


4605 


A603 


77 


4365 


4325 


89 




467S 






4387 








T133 


59821 






9787 


10137 


375 


6.03 


61659 


61100 


nil 


10092 




61fi2l 






10533 








T145 


12S563 






7321 






16.34 


125392 


325392 




7762 


7672 


316 




121722 






7933 









'For each sample, 3 replicate cxpcrimcws were pcrfbnned aiid mean 
and *c standard dcvvarion (SD) was dcteanined. The levd ofccndl gcac 
amplificarion (Nccfidl/alb) is determined by dividing ihc Rvcragc ccndJ 
copy number value by the average alb copy number value 

point measurement of nuorescence intensity. Here we report myc 
and ccndl gene dosage in breast cancer by means of quantitative 
PGR- (vi) We found a high degree of concordajicc belAveen 
real-time quantitative PCK and Southern blot analysis in terms of 
gene amplification, especially for samples *ith high copy numbers 
(a5-fold). The slightly higher frequency of gene amplification 
(especially ccndl and erbBZ) observed by means of rcaJ-time 
quantitftiivc PGR as compartd with Southcm-blot analysis may be 
explained by the higher sensitivixy of the former method. However, 
we cannot rule out ihe possibility that some tumors with a few cxu-a 



gene copies observed in real-time PGR had additional copies of an 
arm or a whole chromosome (trisoniy, iclraiOmy or polysomy) 
rather than true gene amplification. These 2 types of genetic 
alteration (polysomy and gene amplitication) could be easily 
distinguished in the future by using an additional probe locarcd on 
the same chromosoine arm, but some distance from the target gene. 
It is notcwonhy that high gene copy numbers have the greatest 
prognostic significance in breast carcinoma (Borg et aL 1992; 
Slamoncrd.. 1987). 

Finally, tliis cechuiquc can be applied t(i the detection of gene 
deletion as well as gene amplificidon. Indeed, we found a 
decreased copy number of erbhZ (but not of the other 2 proto- 
oncogenes) in several tumors; er6B2 is looaicd ui a chromosome 
region (I7q2l) reported to contain both deletions and amplifica- 
tions in breast cancer (Bicchc and Lidcrcau, 1995). 

In conclusion, gene amplification in various cancers can be used 
as a marker of pre-neoplasia, also for early diagnosis of cancer, 
staging, prognostication and choice of treatment. Southern blotdng 
is not sufficiently sensitive, and FISH is lengthy and complex, 
Real-time quantitative PGR overcomes both these limitations, and 
is a sensitive and accurate method of analyzing large numbers of 
samples in a short time. It should find a place in routine clinical 
gene dosage, 
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<£irst sequence: pl.DI'j||k4804 (length =? 52£) 
<second sequence: pl.i^P:zman (length = 673) 



APPENDIX B 



<597 matches in an overlap of 598: 99.-83 percent similarity 
<gaps in first sequence: 1 (75 residues), gaps in second sequence: 0 
<score: 2895 (DayhofE PAM 250 matrix, gap penalty =8+4 per residue) 
<endgaps not penalized 

10 20 30 40 50 60 

pi . DNA44804 MCSRVPLLLPLLLLLALGPGVQGCPSGCQCSQPQTVFCTARQGTTVPRDVPPDTVGLYVF 
************************************************************ 
pi . holtzman MCSRVPLLLPLLLLLALGPGVQGCPSGCQCSQPQTVFCTARQGTTVPRDVPPDTVGLYVF 

10 20 30 40 50 60 

70 80 90 

pi . DNA44804 ENGITMLDASSFAGLPGLQLLDLSQNQIAS. 

********* ******************** 
pi holtzman ENGITMUDAGSFAGLPGI/SLLDLSQNQIASLPSGVFQtl^LSNLDLTAlJRLHEITNETF 

70 80 90 '100 110 120 



pl.DNA44804 



100 

LRLPRLLLLDLSHNS 

*************** 

pi . holtzman RGLRRLERLYLGKNRIRHIQPGAFDTL5RLLELKLQDlJELRALPp)[iRLPRLLLLDLSHNS 

130 140 150 160 170 180 



110 120 130 140 150 160 

pi DNA44804 LLALEPGILDTANVEALRLAGLGLQQLDEGLFSRLRNLHDLDVSDNQLERVPPVIRGLRG 
************************************************************ 

pi holtzman llalepgildtanvealrlaglglqqldeglfsrlrnlhdldvsdnqlervppvirglrg 

190 200 210 220 230 240 

170 180 190 200 210 220 

pi DNA44804 LTRLRLAG^^^RIAQLRPEDLAGLAALQELDVSNLSLQALPGDLSGLFPRLRLLAAARNPF 
************************************************************ 
pi holtzman LTRLRLAGNTRIAQLRPEDLAGLAALQELDVSNLSLQALPGDLSGLFPRLRLLAAARNPF 

250 260 270 280 290 300 

230 240 250 260 270 280 

pi DNA44804 NCVCPLSWFGPWVRESHVTLASPEETRCHFPPKNAGRLLLELDYADFGCPATTTTATVPT 
************************************************************ 
pi holtzman NCVCPLSWFGPWVRESHVTLASPEETRCHFPPKNAGRLLLELDYADFGCPATTTTATVPT 

310 320 330 340 350 360 

290 300 310 320 330 340 

pi DNA44804 TRPWREPTALSSSLAPTWLSPTAPATEAPSPPSTAPPTVGPVPQPQDCPPSTCLNGGTC 
************************************************************ 
TRPWREPTALSSSLAPTWLSPTAPATEAPSPPSTAPPTVGPVPQPQDCPPSTCLNGGTC 
370 380 390 400 410 420 



pi. holtzman 



350 360 370 380 390 400 

pi DNA44804 HLGTRHHLACLCPEGFTGLYCESQMGQGTRPSPTPVTPRPPRSLTLGIEPVSPTSLRVGL 
************************************************************ 
pi holtzman HLGTRHHLACLCPEGFTGLYCESQMGQGTRPSPTPVTPRPPRSLTLGIEPVSPTSLRVGL 

430 440 450 460 470 480 

410 420 430 440 450 460 

pi . DNA44804 QRYLQGSSVQLRSLRLTYRNLSGPDKRLVTLRLPASLAEYTVTQLRPNATYSVCVMPLGP 
************************************************************ 
pi holtzman QRYLQGSSVQLRSLRLTYRWLSGPDKRLVTLRLPASLAEYTVTQLRPNATYSVCVMPLGP 

490 500 510 520 530 540 



470 



480 



490 



500 



510 



520 



Dl DNA44804 GRVPEGF«3EAHTPPAyHSNHAP\rrQAREGNLP^J§APALZ^VLIjyyy\AVGAAYC^ 

^ * ^^^.*^^^^.^^.^^■■*******-♦******•***********.^P^********************* 

Dl holtzman GRVPEGEEACGEAHTPPAVHSNHAPVTQAREGNLPLLIAPALAAVLLAALAAVGAAYCVR 

^ * 550 560 570 580 590 600 



530 540 550 560 570 580 

pi DNA44804 RGRAMAAAAQDKGQVGPGAGPLELEGVKVPLEPGPKATEGGGEALPSGSECEVPLMGFPG 
************************************************************ 
pi holtzman RGRAMAAAAQDKGQVGPGAGPLELEGVKVPLEPGPKATEGGGEALPSGSECEVPLMGFPG 

610 620 630 640 650 660 

590 

pl.DNA44804 PGLQSPLHAKPYI 
************* 

pi . holtzman PGLQSPLHAKPYI 

670 



Sequence file : /home/ii^r/va/Molbio/carpenda/temp. Jlktie/pl.holtzman 

motifs in /usr/local/sa^libdata/motif .pro 



Motif name: N-glycosylation site. 
Accession: PSOOOOl; 
Motif: Nt!P] [ST] [[P] 

101 NLSN 

117 NETF 

273 NLSL 

500 NLSG 

528 NATY 



Sequence file : /home/-/||fc^/va/Moib'io/carpenda/temp .^tie/pl . DNA44804 
motifs in /usr/local/s^'libdata/motif .pro ^ 



Motif name: N-glycosylation site. 
Accession: PSOOOOl; 
Motif : N(!P] [ST] [ ! P] 

198 NLSL 
425 NLSG 
453 NATY 



HMM file: /usr/aeqdb/pf am/Pf am_ls 

Sequence file: pl.DNA44804 



Query: DNA44804 [598 aa] 

Scores for sequence family classification (score includes all domains) : 



Model 


Description 










Score 


E 


-value 


N 


LRR 


Leucine 


Rich 


Repeat 








59 . 2 


8 


, 8e-14 


7 


LRRCT 


Leuc ine 


rich 


repeat 


C- terminal 


domain 




47.1 




4e-10 


1 


EGF 


EGF- like domain 








30.0 


5 


.4e-05 


1 


LRRNT 


Leucine 


rich 


repeat 


N- terminal 


domain 




29 . 8 


6 


. 5e-05 


1 


fn3 


Fibronectin type III 


domain 






13 . 0 




0 . 15 


1 


Parsed 


for domains: 


















Model 


Domain 


seq-f 


seq-t 


hmm-f hmm-t 


score 


E -value 








LRRNT 


1/1 


23 


51 


1 


31 [] 


29.8 


6 . 5e-05 








LRR 


1/7 


53 


76 


1 


25 [] 


5 . 7 


2 . le+02 








LRR 


2/7 


77 


102 


1 


25 [] 


9.4 


65 








LRR 


3/7 


118 


141 


1 


25 [] 


10 .4 


44 








LRR 


4/7 


142 


164 


1 


25 [] 


19 . 1 


0 . 1 








LRR 


5/7 


165 


189 


1 


25 (] 


11.1 


26 








LRR 


6/7 


190 


212 


1 


25 [] 


12.3 


12 








LRRCT 


1/1 


223 


275 


1 


54 [] 


47.1 


4e-10 








EGF 


1/1 


334 


366 


1 


45 [] 


30,0 


5-4e-05 








LRR 


7/7 


415 


437 


1 


25 [] 


3.1 


4.8e+02 








fn3 


1/1 


383 


474 


1 


84 [] 


13.0 


0.15 









HMM file: 
Sequence file: 



• /usr/ seqdb;/t)f am/ Pf am_ls 
pl-holtzman 



Query: holtzman [673 aa] 



Model 



Description 



LRR Leucine Rich Repeat 

LRRCT Leucine rich repeat C-terminal domain 

EGF EGF-like domain 

LRRNT Leucine rich repeat N- terminal domain 

fn3 Fibronectin type III domain 



Score 


E 


-value 


N 


108.8 




le-28 


11 


47. 1 




4e-10 


1 


30.0 


5 


,4e-05 


1 


29.8 


6 


,5e-05 


1 


13.0 




0.15 


1 



Parsed for domains: 



Model 


Domain 


seq-f 


seq-t 


nmm-r 


hmna- 1 


score 


El- vaxue 


LRRNT 


1/1 


23 


51 . 


1 


31 [] 


29.8 


6.5e-05 


LRR 


1/11 


53 


76 . 


1 


25 [] 


6.1 


1.9e+02 


LRR 


2/11 


77 


100 . 


1 


25 [] 


21.6 


0.019 


LRR 


3/11 


101 


124 . 


1 


25 [] 


15.6 


1.2 


LRR 


4/11 


125 


148 . 


. . 1 


25 [] 


18.1 


0.21 


liRR 


5/11 


149 


169 . 


1 


25 t] 


9.7 


58 


LRR 


6/11 


170 


192 . 


1 


25 [] 


6.1 


1. 8e+02 


LRR 


7/11 


193 


216 . 


1 


25 [] 


10.4 


44 


LRR 


8/11 


217 


239 . 


1 


25 [] 


19.1 


0.1 


LRR 


9/11 


240 


264 . 


1 


25 [] 


11.1 


26 


LRR 


10/11 


265 


287 . 


1 


25 [] 


12.3 


12 


LRRCT 


1/1 


298 


350 . 


1 


54 [] 


47.1 


4e-10 


EGF 


1/1 


409 


441 . 


1 


45 [] 


30.0 


5.4e-05 


LRR 


11/11 


490 


512 . 


1 


25 [] 


3.1 


4.8e+02 


fn3 


1/1 


458 


549 . 


1 


84 [] 


13.0 


0.15 



